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INTRODUCTION
Major morphogenetic events during development of organisms are a
result of changing cell surface properties. Genetically programmed
changes in the cell surface are directly involved in the control of early
vertebrate morphogenesis. An understanding of changing embryonic cell
surface properties may lead to the discovery of underlying control
mechanisms of normal and abnorma1 development.
Several experimental approaches were used in this thesis to define
and characterize embryonic cell surface properties, these included:

the

use of cytochalasin B, a drug affecting submembraneous structures which
may control events occurring on the cell surface; concanavalin A, a plant
lectin often used to probe cell surface changes through its ability to

bind to specific cell surface glycoprotein moieties; and studies on

developmental anomalies in embryonic mouse lethals, which may provide

information about mammalian cell surface properties. In addition,

developmentally interesting periods of preimplantation mouse morphogenesis

were examined. One such period is the 8-cell stage, while the other is
the morula-to-blastocyst transformation.

The 8-cell stage marks the beginning of important morphological and

biochemical events of preimplantation mouse development. Shape changes
in blastomeres occur that are involved in future separation of ICM and
trophectoderm (Mulnard, 1967).

Tight and gap junctions are formed

(Ducibella and Anderson, 1975), resulting in close cell-cell apposition

and allowing development of zonula occludens at the morula stage, which
serves as a permeability barrier, allowing accumulation of blastocoelic
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fluid (Ducibella et al., 1 974, 1 975). Membrane fluidity (Rector and
Granholm, 1 978) , adhesive properties, (Mintz, 1 971 ) , and cell surface
glycoproteins (Pinsker and Mintz, 1 973) undergo changes during 8-cell to
blastocyst stages. Biochemically, increases in protein and RNA synthesis
occur during the period of 8-cell to morula (Epstein, 1 975) . In addition,
a variety of cell surface antigens are expressed on 8-cell and morula

mouse embryos (Artzt et al., 1 973; Wiley, 1 974; Wiley and Calarco, 1 975) .

Altogether, these changes reflect considerable acitivity of the embryonic
genome at this important stage of development.
The morula-to-blastocyst transformation, which results in the first

visible differentiation of embryonic mouse cells is initiated at the 8cell stage.

This transformation begins with compaction of 8-cell embryos

which, in turn, allows formation of tight junctional complexes between

blastomeres. Small vesicles form within and between blastomeres which
gradually coalesce into a large central blastocoelic space enclosed by

trophoblast cells. Blastocoelic fluid is prevented from escaping by a

permeability barrier formed by the zonula occludens. As these events

occur, ICM cells are segregated from trophoblastic cells and eventually
occupy one embryonic pole. Molecular and behavioral events underlying

this transformation are accompanied by specific changes in cell surface

properties (Pinsker and Mintz, 1 973; Rowinski et al., 1 976). Understanding

the nature of these events during the morula-to-blastocyst transformation
will provide information regarding implantation, and could possibly lead
to the discovery of new methods of contraceptives.

Studies on developmental abnormalities in embryonic mouse lethals may

provide information about embryonic mammalian cell surface properties.
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Because of t-allele-induced abnormal cell surface and/or cell cortex

implications, the tW32 is of considerable interest.

The primary tw32

genetic defect is either (1 ) a result of abnormal metabolism or (2) a
result of its effect on the normal differentiation pattern of cell surface
macromolecules, which alters normal cell recognition mechanisms.
Objectives of this thesis were to further characterize cell surface
properties of preimplantation mouse embryos. A study was conducted to

determine latent effects of varying pulses of CB on early postimplanta

tion mouse embryos by comparing their abilities to hatch, to attach and
to sustain growth and differentiation of ICM and trophoblast tissue. CB
treatment was begun at the 8-cell stage. Objectives of the studies
involving Con A were to determine (1 ) whether agglutinability with Con A
changes during compaction of 8-cell embryos, (2) if changes in numbers of

binding sites parallel changes in agglutinability during preimplantation
development, (3) whether embryos derived from control (+/T x +/tW32 )

versus experimental (+/tW32 x +/tW32 ) crosses show different agglutin

ation responses, and (4) whether lethal embryos (tw32/tW32 ) selected on

the basis of morphological criteria (Granholm and Johnson, 1978) from

experimental matings (+/tW32 x +/tw32) agglutinate differently than their
normal littermates (+/tW32, +/+).

Preceding the experimental reports addressed to these objectives is

a literature review over general aspects of cytochalasin B, lectins, and

lethal t-alleles, and their use in developmental biology.

Finally, conclusions derived from experiments are discussed following

the section on experimental reports.

LITERATURE REVIEW
I. Cytochalasin B and Its Role in Development
Introduction
Cytochalasin B is one of several mould metabolites having inter

esting and unusual biological effects on cultured cells. Cytochalasin

B (CB) was isolated by Dr. W. B. Turner from culture filtrates of
Helminthosporium dematiodeum.

All of the cytochalasins isolated so far

produce similar effects but differ in the degree of potency; the general
effect of cytochalasins being described in the name of cytochalasin:
Greek cytos, a cell; and chalasin, relaxation.
Carter (1 967) has described several major effects of CB on Earle's
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L 11 strain of mouse fibroblasts grown on glass cover slips in the

following ways:

(1) CB prevents cytoplasmic cleavage at a concentration

of 0. 5 ug/ml but does not interfere with nuclear division.

Removal of CB

by washing with fresh media results in resumption of cleavag� of multi

nucleated cells.
days.

(3)

(2) Cells remain viable when cultured in CB for several

.0 5 ug/ml CB reversibly inhibits cell motility and ruffling at

the cell margin .

And, (4) nuclear extrusion is observed in 1 L 11 cells
1

exposed to CB at 1 -1 0 ug/ml concentration.

Generally, the nucleus is not

entirely extruded but remains attached by a thin cytoplasmic thread.

If

the cells are then washed free of CB, the nucleus is retracted into the
cell in a reversible fashion and remains functional.
ation also occurs.

Spontaneous enucle

This variety of CB-induced phenomena was suggested to

result from CB activity altering adhesiveness and/or surface viscosity of

cells (Carter, 1 967).
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More recent studies have shown CB to have numerous effects on
cultured cells in addition to those described above. Still, the precise
mechanism of its action is unknown at present.

CB has been shown to

modify various cellular processes; notably, 50 A microfilament function.
Thus, it has proved to be a useful research tool in developmental systems

such as cleavage studies, neurulation, salivary gland morphogenesis, and
many other morphogenetic processes, where microfilament function is a
prerequisite. Examples of the multiple effects of CB include inhibition
of cell adhesion and spreading of Ehrlich ascites cells to glass and

plastic surfaces in vitro (Weiss, 1 972) , inhibition of glucose and gluco
samine transport (Kletzier et al., 1 972) , alteration of shape and size of
aggregates of embryonic chick cells (Appleton and Kemp, 1 974), inhibition

of phagocytosis (Allison et al., 1 971 ), platelet aggregation and clot
retraction (Shepro et al., 1 970) , thyroid secretion (Kletzier et al.,

1 972) , release of growth hormone (Schofield, 1 971 ) , and inhibition of

cellular motility (Granholm and Brenner, 1 976a) .
Cytochalasin B in Mammalian Embryology

CB has also been used to study aspects of mammalian embryogenesis.

Areas of interest include:

(1 ) the developmental potential of CB-induced

tetraploid embryos, (2) investigation of "pseudocleavage" of mouse oocytes
resulting from the action of CB, and (3) effects of CB on the morula-to

blastocyst transformation and latent effects of CB treatment of preimplan
tation stage mouse embryos during early postimplantation development in

vitro. A brief review of the current literature in each of these areas
will now be presented.

When Carter (1 967) first described the unusual biological effect of
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CB that suppresses cytokinesis without interfering with karyokinesis, it
was apparent that this drug could be used to investigate the effects of
polyploidy in various types of cells .

This biological effect was

exploited in the following studies of early mouse development .

Snow (1973) first described CB-induced tetraploidy in mouse embryos.

In this study, 2-4 cell random-bred Q strain mouse embryos were treated

with 10 . 0 ug/ml CB for 12 hours to produce binucleate cells. During CB
treatment, the daughter nuclei migrate to opposite poles of the cell and
lie very close to the cell surface .

However, enucleation as described

for L" fibroblast cells does not occur. After removal of CB, cells in
11

which the nuclei have remained at the poles can give rise to tetraploid

embryos. This is accomplished by the nuclei moving back toward the cell

center and contributing to a single spindle before the next cleavage.

These early cleavage stage tetraploid embryos can develop to form tetra

plaid blastocysts. One anomaly observed at this staqe is greatly reduced

cell numbers (61.7% cell number reduction). When tetraploid blastocysts

were transferred to uteri of pseudopregnant foster mothers, the majority
of implants showed limited embryonic development, and survival did not

extend beyond 8.5 days .

However, in a small percentage of cases (approxi

mately 17%}, it appears that CB-induced tetraploidy is compatible with

embryogenesis until parturition. Snow suggests that low cell numbers may

account for reducing the developmental potential of tetraploid embryos.
In another study designed to elucidate the effects of tetraploidy

during the later stages of gestation, Snow (1975) reported similar results
to his earlier study in regard to postimplantation development of CB
treated random-bred Q strain mouse embryos; 31 .8% (269/846) of
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transferred embryos implanted; of these only 51 or 6% formed embryos.
The poor development of the tetraploid blastocysts was attributed to lack
of ICM cells, since the majority developed only as trophoblast giant cells.
The lack of ICM was postulated to result from reduced cell numbers in
tetraploid blastocysts. Moreover, the reduction in cell numbers may have
interfered with organ formation due to insufficient cell numbers to form
a functional primordium.
In a third study in this series of reports, Snow (1976) observed
development of tetraploid blastocysts during and immediately after the
implantation period both

.i.!l vivo and .i.!l vitro. The in vitro study showed

fewer tetraploid blastocysts produced outgrowths; also, all control

(diploid) outgrowths possessed ICM's, but in 19/31 of the tetraploid

outgrowths, ICM cells were absent. .!B_ utero, 67% of transferred tetra
plaid blastocysts in early implantation sites lacked ICM cells.

Again,

Snow (1976) suggests that reduced cell numbers of tetraploid blastocysts

results in the failure to form a competent ICM in the blastocyst.

In the above series of reports on the effect of CB-induced tetra

ploidy on mouse embryogenesis, the general conclusion is that the

developmental problems encountered by tetraploids are physiological and
numerological rather than genetic in nature (Snow, 1975). Recently,

Tarkowski et al. (1977) have observed the developmental effects of tetra

ploidy induced by 3-8 1/2 hour 10 . 0 ug/ml CB treatments on 2-cell mouse

embryos obtained from Fl (C57/B6) females mated to A males.

In contrast

to Snow's (1973, 1975, 1976) results, developmental defects were not seen
until the 8th day of pregnancy. The first symptom of tetraploidy was

retardation of development of the embryonic part of the egg cylinder, but
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the main problem was inadequate production of mesoderm.

To account for

the difference in the developmental potential of CB-treated mouse embryos
between both studies, Tarkowski et al. ( 1977) suggest that the shorter
duration of CB treatment resulted in less harmful effects.

Additionally,

differences in methodology and mice strains could also have been
contributing factors.

In addition to the use of CB to assess the effects of polyploidy on
mammalian embryogenesis, CB is also utilized to investigate 50 A micro
filament function in regions of specialized microfilamentous bundle

polymerization like the contractile ring.

One example of an unusual

postulated interaction of CB with the contractile apparatus is cited
below.
Wasserman et al . (1977) demonstrated that CB can induce mouse
oocytes to undergo pseudocleavage 1 1

.i!l vitro; that is, cleavage into two

nucleus; the other is anucleolate.

Furthermore, changes in the micro
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equally sized and separable compartments.

One compartment contains the

filaments and microvilli accompany pseudocleavage.

In regard to the

latter effect, CB-induced pseudocleavage causes an interesting asymmetry

of the microvilli where the anucleolate compartment is covered with micro

villi, while the other is relatively smooth .

Lectin-binding experiments

also show an asymmetric distribution of binding sites over the pseudo

cleaved oocyte.

It was postulated that CB interacts with the oocyte's

cortical contractile apparatus involved in cytokinesis, and that this in
turn has morphological effects on the cell surface.

Other studies

discussed later in this review show that there is an interaction between
the cell surface architecture and submembraneous cortical components.
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In our laboratory we have investigated the effect of CB on pre- and
postimplantation mouse embryos. Experiments have been completed on the
effects of CB on preimplantation mouse development i.!!_ vitro, specifically
CB-induced inhibition of the morula-to-blastocyst transformation
(Granholm and Brenner, 1 976a), and on latent effects of CB on postblasto

cyst development

l!!. vitro (Granholm and Brenner, 1 976b; Granholm et al.,

1 978). The latter report is included in this thesis and will not be

described here.

Objectives of Granholm and Brenner (1 976a) were to determine:

(l)

how CB disrupts the morula-to-blastocyst transformation in preimplantation
mouse embryos, (2) dose-response relationships of CB on developing preim
plantation mouse embryos, (3) the effect of CB on trophoblast cells of

mouse embryo outgrowths, and (4) whether phenocopies of tl2 homozygotes
could be produced using CB. CB at 1 0.0 and 4.0 ug/ml induced complete

but not lethal developmental arrest of morulae; however, in the 1 0 hours
following rinsing of embryos, cavitation occurred in nearly all embryos
with many morulae transforming into apparently normal blastocysts.

CB

inhibited blastocyst formation in a dose-dependent manner at concentra
tions of 0.25 to 4.0 ug/ml, the median effective dose (ED50) was estimated
at 0.73 ug/ml CB. Time-lapse films of trophoblast outgrowths following
1 0.0 and 1 .0 ug/ml CB treatments showed cessation of ruffling membrane

activity at the periphery of outgrowths; 1 0.0 ug/ml would cause contrac
tion of these regions. Rinsing of embryos with normal media would re

establish ruffling activity of hyaloplasmic fan regions.

In another study (Granholm and Brenner, 1 976b) 8-cell embryos and

morulae were treated with 4.0 ug/ml CB for 1 2, 1 8, and 24 hour pulses to
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identify latent CB-induced effects on postblastocyst morphogenesis.
Embryos were scored for attachment and maintenance of ICM and trophoblast

cell populations at three postblastocyst time intervals--1 35, 1 53, and
200 hpc. Latent CB effects on postblastocyst stages included reduced

levels of embryo attachment within cell treatment groups at all time

intervals and lowered percentages of embryos containing both ICM and
trophoblast components at 150-200 hpc within all treatment groups.

In

order to quantitatively define CB-induced postblastocyst effects, the

study presented in this thesis was conducted. Please refer to experi

mental report I for details.

In summary, the unusual biological effects of CB allow its use as a

research tool to probe:

(1 ) the effects of polyploidy on cultured cells,

(2) the role and function of the contractile ring and other cellular

structures involving 50 A microfilaments, and (3) the effect of CB on

morphogenesis in developmental systems.

Because the mode of action of

CB is unknown at present, this remains the major disadvantage to its use.

Thus, one must be cautious in assigning a causal relationship between an

observed defect and the effect of the drug through a postulated mechanism

of action.

II. Review of Lectins

Introduction

Lectin interactions with cell surfaces have increased our under

standing of the function and architecture of the cell surface.

Lectins

are protein molecules which bind to sugar molecules, interacting anal

ogously to enzyme and substrate or to antibody and antigen (Sharon, 1 977).

Lectins have been isolated from a wide variety of plants and animals,
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from legumes to horseshoe crabs, and more recently, from chick embryo
blastoderm and ten-day chick liver. In general, lectins have the property
of agglutinating cells through oligosaccharide determinants (Nicolson,
1974). Oligosaccharides which extend from the cell surface of animal

cells can provide binding sites for lectins. Because of the multivalency
of most lectins, binding can result in either intracellular clumping of
receptors or intercellular interactions with receptors on other cells.

In the latter instance, an agglutination response may occur, while in the

former, capping of receptors may occur. An important characteristic of
lectins is their ability to bind more or less specifically to sugar

molecules. This selectivity has made lectins valuable as structural
probes of cell surfaces. Their range of uses includes blood typing,

structural studies of blood group substances, cancer cell studies, isola
tion of glycoproteins, oligo- and mucopolysaccharides, mitogenesis
studies, and others (Nicolson, 1974).
Concanavalin A Structure, Function, and Specificity

Concanavalin A is isolated from Canavalia ensiformis.

It has

binding specificities for terminal D-mannose or □ -glucose units of

various oligosaccharides (So and Goldstein, 1967a, b).

Binding occurs in

the presence of calcium and magnesium, which are required for Con A activ
ity (Yariv et al., 1972). When Con A binds to the surface receptors of

animal cells, several different effects may result:

(1) agglutination of

a variety of animal cells (Oppenheimer and Odencrantz, 1972; Burger, 1968;

Dionne and Beaudoin, 1977; Sachs, 1974; Moscona, 1974), (2) stimulation of

mitosis of lymphocytes (Powell and Leon, 1970), (3) inhibition of fertil

zation (Lallier, 1972), surface receptor mobility (Yahara and Edelman,
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1972), phagocytosis (Berlin, 1972), and cell growth (Pienkowski, 1974),
and (4) production of an insulin-like effect on fat cells (Cautracasas
and Tell, 1973) .
Physical studies have shown Con A to be composed of identical asym
metric subunits of approximately 25,500 M.W. The subunits are arranged
in dimers, tetramers, and higher M.W. forms depending on the pH. Con A
exists as a dimer in solutions of pH less than 5; at neutrality, Con A

exists as a tetramer of approximately 108,000 M.W. X-ray crystallography
has suggested that the saccharide-binding site is a pocket located on

each subunit surrounded by hydrophobic amino acid residues.

In close

proximity are metal ions necessary for binding activity. Binding of the

appropriate saccharide unit to Con A induces a conformational change in
the Con A molecule.

Con A, as with other lectins, can interact at core sites in oligo

saccharides in addition to its interaction with terminal residues.

Furthermore, it has been demonstrated that the interaction of lectins

with simple sugars is much weaker than with oligosaccharides isolated

from cell membranes or synthetic derivatives. The binding specificity,
however, is not absolute. Con A binds to terminal alpha-linked D-mannose,
0-glucose, or beta-D-fructofuronosyl units but can also bind to sequences

lacking these sugar haptens (Nicolson, 1974).
Methods of Lectin Use

The classic use of lectins is cell agglutination, particularly hemag

glutination (Nicolson, 1 974).

In short, a given volume of cell suspension

is mixed with a lectin solution, and after a short incubation period,

the agglutination response is scored either by counting unagglutinated
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cells in the sample or by estimating aggregate size.

It is important

to standardize the mixing step in some way to allow reproducibility of
results.

Particle counters and light scattering methods are often used

to more accurately quantify the data.

Quantitative labeling with lectins is a method to quantify numbers

of binding sites on cells.

For example, Boyd (1 962) first used a radio

labeled lectin to determine the number of A-blood group specific
determinants on human A+ erythrocytes.

In many studies, 125!-labeled

lectins are commonly used. These are prepared by the iodine monochloride,
chloramine T, or lactoperoxidase methods.
is not affected.

Generally, binding activity

Light, fluorescence, and electron microscopy techniques have been

developed for localizing lectin binding sites.

At the light microscopy

level, bound 125!-labeled lectins can be visualized with auto radio

graphic techniques.

Perhaps, a more useful technique to study the

dynamics of lectin interactions with cells involves fluorescence micros
copy.

In this method, fluorescein-tagged lectins bind to the surface of

cells and fluoresce revealing caps, clusters, and random distributions of

bound lectin molecules.

Electron microscopy as a means of visualizing

lectins bound to cell membranes and organelles is widely utilized.

Some

techniques that have been developed include 125!-Con A and ultrastructural
autoradiography, an enzymatic peroxidase method, and lectins conjugated
to ferritin, an electron dense marker.

One important aspect of using lectins to elucidate surface topography

of binding sites is that they can induce a redistribution of lectin
binding sites.
, 3LJ G

However, this can be overcome by brief formaldehyde or
SOUTH DAKOTA STATE U IVERSITY LIBRARY
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glutaraldehyde fixation or low temperature to prevent lectin binding site
redistribution from occurring without altering the number of sites
(Nicolson, 1974).

Finally, techniques involving lectins have been developed to purify
glycoproteins and cells. Basically, lectins are bound to solid supports

such as dextran or agarose beads, nylon fibers or plastic culture dishes;

cells, glycoproteins, or oligosaccharides are then added to the column,
followed by elution with the appropriate competitive sugar. Thus, these

techniques are all affinity chromatography techniques, where the lectins
are affinity agents.
Characteristics of the Cell Surface
The cell membrane has a crucial role in cellular activity.

It regu

lates the internal environment through selective transport of materials
across the membrane.

Developmentally significant events such as adhesive

ness, motility, and contact behavior are intimately associated with the

cell surface. With regard to the discussion on lectins, the cell surface
is the site of lectin binding, and some knowledge of its properties and

organization is required to understand the effects of lectin interactions
with cells.

There have been several different models for the structure of cell

membranes. Currently, the fluid mosaic model of membrane structure
(Singer and Nicolson, 1972) has received general acceptance.

In this

model, lipids, glycolipids, proteins, and glycoproteins are arranged in a

structural configuration of minimum free energy, thus incorporating

thermodynamic principles (Nicolson, 1974). Stability is achieved through
appropriate hydrophilic and hydrophobic interactions among the structural
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components of the membrane.

For example, oligosaccharides which are

thermodynamically more stable in aqueous environments are located on the
outer membrane surface, which is in contact with water, while lipid acyl
groups, which are not stable in aqueous environments are sequestered
inside the cell membrane.

Many of the structural components are amphi

pathic; that is, the molecules have a hydrophobic end and a hydrophilic
end. Phospholipids have been demonstrated to be amphipathic with their
hydrophilic heads toward water and their hydrophobic tails pointing away
from water.

The phospholipids form a bilayer so as to accomodate their

amphipathic character (Capaldi, 1974).

This bilayer is interrupted by

integral membrane proteins, proteins essential for the structure of the

membrane and unstable in solution. Again, integral proteins that have
been characterized have been shown to be amphipathic (Capaldi, 1974).

Thus, the matrix of the plasma membrane is formed by a bilayer of phospho

lipids intercalated with integral membrane proteins in a thermodynamically
stable configuration.

The organization of the cell membrane can be divided into several

levels (Nicolson, 1974).

The basic structure consists of a bilayer of

phospholipids interrupted by integral proteins, forming the matrix of the
membrane.

External to the matrix is the glycocalyx, the carbohydrate

rich surface coat.

This consists primarily of oligosaccharides associated

with lipids (glycolipids) and protein (glycoprotein), which are responsi

ble for lectin binding, antigenicity, cell coupling, and other biological

functions. On the cytoplasmic side of the matrix are located peripheral
membrane proteins, proteins loosely bound to integral components, easily

dissociated, and stable in solution.

Normally, these components are
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probably bound to the membrane. In juxtaposition to the peripheral zone
is the cell cortical zone .

The cortex of the cell is made up of micro

filaments and microtubules that can dynamically interact with the cell

membrane. These contractile elements are implicated in motility, endo

cytosis, cell spreading, capping of receptors, and other surface-related
phenomena.

One aspect of the fluid mosaic model is that it is a dynamic model.
Evidence has accumulated to demonstrate that membrane components are in

a state of flux. In general, both lipids and glycoproteins are capable
of lateral movement. The lipids have greater mobility than protein

components, although these are also mobile (Nicolson, 1 974). Movement

is restricted depending on external (cell-to-cell coupling) and/or

internal (peripheral membrane components) restraints. Membrane associated

microfilaments or microtubules may serve to anchor integral membrane
components or to increase rigidity and reduce deformability of the cell

surface, thus affecting adhesion, agglutination, and so on.

In summary, the fluid mosaic model envisages the membrane as a bi

layer of phospholipids interrupted by integral proteins, both capable of
lateral movement. Radiating outward from integral proteins are oligo

saccharides which form the cell coat. Internal is the cell cortex which

interacts with the matrix, possibly exerting some controlling influence.

This can allow control of the spatial distributions of proteins and lipids.
Dynamic aspects of this model can account for cell surface changes seen

during mammalian development such as adhesiveness, motility, agglutination,
and cell-cell interaction.
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Factors Affecting Cell Agglutination
Several interrelated factors are involved with the phenomenon of

cell agglutination with lectins (Nicolson, 1 974; Krach et al. , 1 974).
These include:

(1 ) biochemical nature of agglutination molecules, (2)

numbers of molecules involved in agglutination, (3) mobility of receptors,
(4) surface change density, (5) deformability of membrane, (6) surface
structures such as microvilli, and (7) membrane-associated components such
as microfilaments and microtubules. Lectin molecules will agglutinate

cells provided that they have the proper binding specificity and a high
binding constant (Nicolson, 1 974). The latter is often achieved by the
multivalency of lectins which compensate for a low binding constant.

Numbers of lectins bound to cells are important in forming an adequate

number of cross bridges for agglutination to occur.

Mobility of receptors

may determine an agglutination response by allowing higher local densities
of lectins on the cell surface (Sharon, 1 977).

However, mobility of

receptors may not be as important as numbers of agglutinating molecules,

if the proper density can be obtained by increasing the concentration of
lectins in solution or by increasing the number of binding sites (after

enzymatic treatment) (Nicolson, 1 974). Cell surface structure may inter

fere or aid agglutination depending on whether microvilli are present, the
ability of the cell to undergo deformation changes, cell surface charge,

and/or rigidity of the cell surface. Peripheral membrane restraints such

as microfilaments or microtubules may determine in part the mobility and

topographic distribution of agglutination sites by anchoring glycoproteins

to peripheral membrane proteins (Nicolson, 1 974).

For example, Kaneko

et al. (1 973) found that metabolic inhibitors and the microfilament-
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disrupting drug CB inhibit Con A- and Ricinus communis agglutinin (RCA)
mediated cell agglutination but do not affect binding of these agglutinins
to the cells. Similarly, preliminary experiments (Rector and Granholm,

1 978b) have shown that treatment of compacted 8-cell mouse embryos with

microfilament and microtubule disrupting drugs influences the agglutin

ation response.

Since cell cortical elements are postulated to have an

active role in the compaction process (Ducibella and Anderson, 1 975), it
is possible that these elements are involved in control of lectin recep

tors on the cell surface. Finally, cell agglutination can be prevented by
chemical fixation. Aldehyde reagents, which cross-link amino acid groups
in biological structures, drastically inhibit agglutination but do not
alter the number of binding sites ( Inbar et al., 1973; Nicolson, 1973;

Noonan and Burger, 1973; Rosenblith et al., 1 973; Rector et al., 1 978).

Studies on binding of 1 25J-Con A to zonaless preimplantation mouse embryos

suggest that fixation may result in slight increases in binding by
preventing cluster formation (Rector et al., 1 978).

In summary, agglutination of cells by lectins is a highly complex

phenomenon in which many factors operate (Sharon, 1 977; Nicolson, 1 974).
Generally, agglutination depends on the surface distribution of bound

lectins. Clustering of receptor sites or increases in either the number

of sites or concentration of lectin molecules in solution allows the

proper local density of lectins on the cell surface to be reached so that
cross bridges can be formed, which in turn, allows the agglutination

response. Physical or structural components of the cell surface or cell

cortex can modify the agglutination response. Cell agglutination can also

be altered through drug and chemical agents.
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Lectins in Developmental Biology
The cell surface is involved in growth, differentiation, and
morphogenesis, and mediates cell recognition, motility, and cell-cell
interactions in developing systems. Morphogenesis, the development of
form, involves cell surface changes in adhesiveness, motility, and shape
of cells.

In order to undergo these changes associated with development,

membranes must have stability and the necessary plasticity required to
respond to external stimuli (Jenkinson and Billington, 1 977) and to
mediate these signals to the internal biochemical machinery of the cell,
which in turn, can alter cell surface characteristics (Moscona, 1 974).
Studies on a variety of organisms including amphibians, sea urchins, chick
embryos, and mammalian embryos have shown that the cell surface undergoes

changes during differentiation and important developmental transitions,
and these cell surface changes may be integral aspects of the develop

mental program. Many of these changes have been monitored by lectins as

cell surface probes; changes in the interaction of lectins with the cell
surface have been shown to occur during differentiation and maturation

of developing systems, fertilization, and gamete formation.

Lectins have determined cell surface changes during differentiation

and maturation in a variety of systems.

Kleinschuster and Moscona, 1 972,

have shown that Con A-induced agglutinability of embryonic and fetal

chick neural retinal cells decreased with development. Ethylene bisoxy

ethylene nitrilotetracetic acid (EGTA)-dispersed cells from 8-9 day embryos
were readily agglutinated, while cells from 20 day embryos were not agglu

tinated to any significant degree.

The converse was seen for trypsin

dissociated embryonic cells. Agglutination was specific, since it was
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completely inhibited by methyl-alpha-D-mannopyranoside.

The effect of

trypsin may have been to degrade or alter receptors on young embryonic
cells, while rendering fetal retinal cells more agglutinable by either
allowing clustering to occur or unmasking lectin-binding sites (Moscona,
1974).

Moscona (1974) suggests that with differentiation carbohydrate

containing sites on the retinal cell surface undergo changes in accessi
bility, topographical distribution, or composition, and represent an
integral aspect of the overall differentiation program of cells and
contributes to the specification of their surfaces. Several explanations
for these changes in Con A-induced agglutinability include:

(l) high

reactivity with Con A is related to cell replication, and (2) develop

mental changes in Con A receptors on cells are correlated with changes in
cell motility and reflect the role of the cell surface in movement. By

quantifying changes in the number of binding sites, the precise nature

of these lectin-induced changes of the cell surface of embryonic and fetal
chick neural retinal cells could be elucidated. However, changes in the
number of binding sites were not investigated in this study.

Leo Sachs (1974) has studied the mobility of Con A binding sites

during normal differentiation of myeloid leukemia cells to macrophages
and granulocytes.

In this study, the myeloblastic leukemic cells used

consisted of two types of clones .

One clone type designated D+ can under

go normal differentiation to macrophages and granulocytes, and form

diffuse colonies on soft agar due to migration of differentiated cells.

The other type of clone is designated D- and does not differentiate; nor

do the cells form diffuse colonies, but rather compact colonies.

Using

fluorescent isothiocyanate-conjugated Con A (F-Con A) as a cell surface
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probe, the results showed a higher incidence of capping of lectin recep
tors occurred for D+ cells, indicating greater mobility of Con A receptors
in D+ cells.

Sachs (1974) concluded that the greater mobility suggested

a higher membrane fluidity in D+ cells, which in turn, may account for
their ability to undergo normal differentiation and migrate on soft agar.
As a result of this study and his studies on membrane fluidity in rela
tion to cell growth, he states that "differences in membrane fluidity may

explain differences in the ability of cells to respond to other

differentiation-inducing stimuli, in the cellular response to hormones,
and in cell migration in embryonic development and carcinogenesis.

The

differences in fluidity of specific membrane sites may result in differ

ences in transport and internal concentration of specific chemicals that
regulate cell growth and differentiation" (Sachs, 1974).
Krach et al. (1974) have used a sensitive particle counter assay to

show Con A- and RCA-induced agglutinability of sea urchin embryos

decreases with development. Again, the results of this study may be

explained by changes in numbers, mobility, or distributions of lectin

binding sites, indicating specific changes in carbohydrate containing cell
surface lectin receptor sites occur with differentiation and maturation
(Krach et al. , 1974).

In another study on sea urchin development, Roberson et al. (1 975)

were able to show that the micromere is the only cell type at the 32-64

cell stage of sea urchin development that is agglutinable with Con A;
mesomeres and macromeres were not significantly agglutinable.

Further,

Roberson et al. (1975) have shown different Con A receptor site distri

butions on the three populations of cells.

Aldehyde-fixed cells of all
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three kinds revealed a random distribution of F-Con A. If cells were

treated with F-Con A before fixation, receptor sites on micromeres were

capped or highly clustered on 95% of the cells, while Con A receptor site

distribution remained random on mesomeres and macromeres. Roberson et al.

(1 975) suggest that this indicates greater lateral mobility of Con A sites

on micromeres, and this corresponds with their ability to migrate (the

other cell types do not migrate). Moreover, in this same respect, these

embryonic migratory cells resemble malignant invasive cell types. Moscona
(1 971 ) has also suggested that Con A receptor sites may be associated with
the capacity of malignant and embryonic cells to migrate and infiltrate.
Johnson and Smith (1976) have examined patterns of F-Con A binding

to dissociated cells from normal and hybrid amphibian embryos of different
developmental stages before and during gastrulation. When dissociated
cells of roofs of blastocoels of 1 3-15 hour blastulae of either normal or
hybrid embryos were incubated with F-Con A, a random distribution of

binding was seen. When early gastrula stage embryo fragments were dis

sociated and treated similarly, caps and clusters of bound lectin molecules

were obvious. Capping appeared even more prominent at later stages of

development. Additionally, their results showed that Con A was able to

induce capping or cluster formation. Increased mobility of bound lectin
molecules was attributed to changes in membrane fluidity during develop
ment; these changes are believed to reflect important surface changes
during the blastula-to-gastrula transition, and may parallel morpho

genetically significant events such as changes in adhesiveness, motility,

or plasticity.

Lectin receptors on the cell surface of mammalian embryos also
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undergo stage-speci fi c changes duri ng early development. Yanagi machi and
Ni colson (1974} exami ned changes i n lecti n-bi ndi ng of hamster eggs duri ng
development usi ng fluorescei n-conjugated lecti ns.

Fluorescei n-conjugated

Con A bound strongly up to the 4-8 cell stage, but thi s capaci ty decreased
at the blastocyst stage.
communi s aggluti ni n.

A si milar bi nding pattern was seen for R i ci nus

However, wheat germ aggluti n i n (WGA) showed a

di sti nctly di fferent pattern of bi ndi ng.

Unferti l i zed and pronuclear eggs

were strongly labeled wi th WGA, whi le ovari an oocytes were weakly labeled.
Intens i ty of labeli ng was reduced at 2-cell stages and further reduced at
later stages of prei mplantati on development. Pi enkowski (1974) has shown
a marked i ncrease i n Con A-i nduced agglutinabi l i ty of 1-8 cell cleavage
stage mouse embryos compared wi th vi telluses (unferti li zed eggs) , whi le

bi ndi ng of 125 1-Con A d i d not change. Later stages of prei mplantati on

mouse embryos become less aggluti nable (Rowi nski et al. , 1976) . Con A
i nduced aggluti nabi l i ty decreases after compacti on of 8-cell embryos

(Rector and Granholm, 1978) and i s comeletely lacki ng at blastocyst stages,

although i mmunosurgi cally i solated ICM cells are readi ly aggluti nable
(Rowi nski et al. , 1976) .

Konwinski et al. (1977) were able to correlate

these di fferences i n aggluti nabi lity wi th relati ve amounts and di stri bu

ti on of Con A receptor si tes labeled wi th product of peroxi dase reacti on.
Their results suggested that mobi li ty of bi nd i ng si tes i n addi ti on to

amount and di stri buti on of bi ndi ng si tes i nfluence the aggluti nati on
process.

Wi th thi s techni que, however, the amount of peroxi dase product

vi suali zed bears only an approxi mati on to i ni ti al Con A bi ndi ng (Enders
and Schlafke, 1974) .

Moreover, Collard and Temmi nk ( 1974) concluded that

the amount of peroxi dase product i s not i ndicati ve of the amount of cell
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bound Con A. In order to determine whether quantitative changes in bound
Con A molecules parallel changes in agglutinability during preimplantation
mouse development, a radiolabeled Con A assay of preimplantation stage

ICR mouse embryos was done (Rector et al., 1978). Results showed nonsig
nificant differences in numbers of Con A binding sites between stages of

preimplantation development . These results support the hypothesis that

the location, distribution, and relative mobilities of Con A receptor
sites are different at different developmental stages of mammalian
development .

Lectins have been used to detect changes in the cell surface after
fertilization in a variety of species. In general, unfertilized eggs are

not agglutinable except at high lectin concentrations; after fertilization,
agglutinability dramatically increases (Pienkowski, 1974; Nicolson, 1974) .
Binding of 125I-Con A revealed no differences in amount of binding

between unfertilized and fertilized mouse ova (Pienkowski, 1974). These

changes indicate dramatic changes in the cell surface after fertilization

possibly due to altered distributions of binding sites or membrane
fluidity changes (Pienkowski, 1974) .

Nicolson et al. (1974) studied the

distribution of lectin binding sites on zonaless hamster, rat, and mouse
eggs with ferritin-conjugated lectins.

Their study indicated a high

degree of fluidity of egg membranes. In addition, endocytosis of surface

bound lectin molecules was observed. Nicolson (1974) has suggested that

membrane fluidity may have importance for fusion of egg and sperm membranes

at fertilization.

Mammalian eggs also have lectin binding sites on and within the zona

pellucida. Nicolson et al. (1975) demonstrated specific saccharides in
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the zona pellucida of hamster, mouse, and rat eggs using ferritin
conjugated lectins.

Lectin receptors for RCA and WGA were present in the

zona with an asymmetric distribution, while Con A receptors were sparse
and evenly distributed through the zona. Binding of lectins at lectin
receptor sites on the outer coat of eggs can prevent fertilization

(Oikawa et al. , 1973, 1974). 100 ug/ml Con A would not agglutinate sea

urchin eggs, but would bl ock fertilization (Lallier, 1972). Higher
concentrations would block egg fertilization membrane elevation.

However,

Tener and Nicolson (1973) have provided evidence that Con A may affect
only elevation of the fertilization membrane and not fertilization.

WGA

induced block of sperm penetration of the zona may indicate a structural
similarity or steric interference between the receptor for th lectin and
the receptor for the sperm (Nicolson, 1974).

Different lectins agglutinate gametes in different ways. For exam

ple, soy bean agglutinin agglutinates bull spermatozoa tail to tail

(Kashiwabara et al. , 1965). This represents an asymmetry with regard to
the distribution of lectin binding sites on spermatozoa. Moreover,
changes in agglutinability of gametes occurs with maturation (Nicolson

et al., 1974). However, in contrast to the changes occurring during

embryogenesis, these changes may be due to alterations in numbers of
binding sites (Nicolson et al., 1974).

In summary, lectins as cell surface probes have revealed changes in

the cell surface carbohydrates which bind lectins during differentiation,

growth, and morphogenesis of a wide variety of organisms. These changes
implicate membrane fluidity changes which may parallel morphogenetically
significant events such as changes in adhesiveness, motility, and shape.
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Furthermore, lectin-induced changes in embryonic systems may be similar

to changes which take place after transformation (Krach et al. , 1974),

and may be associated with the capacity of malignant and embryonic cells
to migrate and infiltrate (Moscona, 1 971) .
sites are also seen in gametogenesis .

Changes i n lectin binding

Additionally, lectin receptor

sites on the outer coat of ova may resemble or act as sperm receptor
sites .

Further studies with lectin interactions with ova and sperm may

result in the production of new methods of contraceptives .
I I I.

The T-locus in Early Mouse Development:

Hypotheses on the Genetic

Lesion in Homozygous Mutants
Introduction

One area of intensive research in mammalian embryology is the role

of the T-locus in early mouse development .

Recessive mutations occur at

this locus that result in embryonic death at specific stages of develop
ment .

As a group, the morphological effects of lethal t-alleles seem to

be on the differentiation of ectodermal derivatives ( Bennett, 1 975) .

Yet, the basic q uestion of why homozygous mutants die has not been satis

factorily answered for any of the various lethal t-alleles.

Morphologic,

biochemical, and immunological studies have provided clues to the function
of the T-locus, and have given rise to two or possibly three major
hypotheses on the primary genetic lesion in homozygous mutants.

Bennett

et al . (1 972) have proposed that the T-locus regulates mouse morphogenesis

by coding for cell surface proteins that serve as signals during embryonic

development .

These T-antigens are postulated "to appear sequentially and

transiently, and may regulate cell-cell interactions and differentiation,

and further, that these antigens appear only in early mouse development"
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(Bennett, 1975; Artzt and Bennett, 1975). Although this "developmental
lethal" hypothesis is an attractive one, an alternative explanation has

been suggested by Wudl and Sherman for certain lethal t-alleles. Sherman

and Wudl (1977) argue that tW5 and � mutations are not subtle disruptors

of specific cell surface proteins but simple cell lethals. This hypothesis
encompasses the view that the T-locus codes for products involved in

metabolism of cells, and disturbances result in developmental arrest at
particular stages depending on the severity of the mutation. Confirmation
of either hypothesis is at present lacking; however, each contributes

significantly toward a comprehensive interpretation of the function of

the T-locus. These hypotheses and others are examined in detail after a
discussion of general aspects of the T-locus.

The T-locus is a region on chromosome 17 in the mouse which affects

embryonic development, tail length, sperm transmission, and recombination.

Phenotypic effects of the T-region were reported more than 50 years ago
(Dobrovolskaie-Zavadskaia, 1927) . The dominant T mutation, Brachury,

when in the heterozygote state, +/T, causes spinal abnormalities and
short-tailed phenotype; homozygous T/T mutants die in early development.
Heterozygous mice having I and a recessive lethal mutation, 1, are tail

less. Matings of tailless mice inter se provides a balanced lethal line
that produces only viable heterozygotes, since both homozygous dominant
and homozygous recessive embryos die in utero. The latter mutation, 1,

has two additional characteristics to its lethal effects. One is exhibi
tion of high male transmission frequencies. A heterozygote male may

transmit its t-allele to up to 100% of the offspring. Second, t-mutations
tend to suppress crossing-over in the T-region. Crossing over in this
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region can give rise to a new t-allele. Because of recombination suppres
sion, the appearance of a t-allele with different properties was thought
to be a mutational event; this has been shown to be incorrect. Lyon and
Meredith (1 964) have proven that t-alleles represent an abnormal chromo

some segment with rare crossing-over whose length or position decides the
properties of the t-allele mutation .

Finally, one important observation

of the T-complex is that homozygous lethal mutants die at specific stages
of embryogenesis .

The majority of these appear to interfere with the

normal transition of ectodermal derivatives during differentiation .

Furthermore, partial to full complementation is seen when tailless mice

of two different complementation groups are combined; that is, T/tX x T/ty
produces some tX/ty normal tailed offspring. The frequency of this

occurring is approximately 0.2% .

general case where

Partial complementation is the more

!!JtY mice have low viability and male sterility. This

latter aspect suggests a high degree of complexity within the T-locus
(Sherman and Wudl, 1977).

The "Developmental-Lethal" Hypothesis

This hypothesis is based on the premise that the T-locus codes for

products essential for development, because mutations at this site result

in embryonic death at specific stages of development.

T-mutations are

interpreted to cause defects in the membrane of the affected cell .

Support for this hypothesis comes largely from morphologic and immunologic

studies.

An ultrastructural investigation of T and t 9 genes revealed abnormal

cellular morphology and impaired cellular interactions in mutants
(Spiegelman, 1 976) .

In t9/� mutants (early 8d) , abnormal cell contacts
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of pri m i ti ve streak ( 11 mesoderm 11 cells were seen.
)

Additionally, fi lopodi a

of mesodermal cells lacked mi crofi laments, i mpli cati ng a loss of moti li ty.
These results show that £ i s i mportant i n the determi nati on of neuro
epi theli um and mesoderm from the pri mi tive streak, si nce the presumpti ve
mesoderm cells of the pri mi tive streak i n mutants fai ls to di fferenti ate
normally and mi grate to other areas of the embryo.

In T/T mutants (8-9d),

abnormal contacts between neuroepi theli al cells and notochord and somi tes
were seen.

It was also found that the basal lami na of neuroepi theli al

cells was def i c i ent at these contact areas.

It was concluded that these

contact areas developed because both types of cells had fai led to complete
di fferenti ati on.

However, organ culture of T/T mutants (Bennett, 1958)

i ndi cates that the defect may resi de speci fi cally in somi te mesoderm.

Bennett demonstrated that T/1 neural tube can i nduce carti lage i n normal
somi tes whi le T/T somi tes i n the presence of normal neural tube do not
respond.

Importantly, T/l limb buds could produce carti lage, demon

strating that there was no fundamental block to carti lage formati on.

Thus,

all evi dence poi nts to the defect resi di ng i n mesodermal (notochord and

somi tes) cells whi ch fai l to mai ntai n thei r structural i ntegri ty { possi bly
due to abnormal cell surface properti es; e. g. , sti cki ness).

Serologi cal studi es of a number of mutati ons at the T-locus have
shown that the anti gens produced by these genes have a number of speci fi 
cities, some uni que whi le others are common to several mutants (Bennett,
1975).

Further support of the contention that the T-locus produces

"di fferenti ati on" anti gens has been obtai ned from studi es of a ce11surface
anti gen called F9.

F9 anti gen i s found exclusi vely on embryonal carci noma

cells, cleavage stage mouse embryonic cells, and sperm (Artzt et al. , 1973).
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Since F9 antigens coincidently are found on sperm and on early mouse

embryos as are proposed T-locus products, and further, the F9 antigen

appears during morula stage which also is the afflicted stage in tl 2/t 12
mutants, it was thought that F9 may be the product of the + t 12 gene.
Artzt et al. (1974) investigated this possibility by absorbing anti-F9
sera with sperm carrying the t 12 allele. Sperm from +/tl2 males was not
as effective in removing anti-F9 activity compared with controls (+/+) .
This strongly suggests that the F9 antigen is specified by +t 12 ; however,

it is possible that the presence of the tl2 allele induces rearrangements

of antigenic sites (Bennett, 1975).

Although the developmental failure hypothesis is an attractive one,

the validity of this model has been questioned recently by Wudl and
Sherman (1976) . One point of contention is whether or not developmental

arrest takes place at specific stages in development during which important

organizational events occur. Effects of t-mutations appear to take the

form of a continuum from earliest acting to the latest rather than striking

at discrete periods (Sherman and Wudl, 1977) .

Even though this may be due

to different backgrounds in which the genes are expressed, Sherman and

Wudl (1 977) contend that this may be more readily explained by a metabolic
barrier hypothesis where development proceeds to varying degrees depending

on different abilities to bypass or delay the block.

Secondly, it was

questioned whether t-alleles affect only one or few cell types .

Again,

Sherman and Wudl (1 977) point out that although this corollary holds for

some cases such as notochord cells in T/T mutants, it does not necessarily
hold for all the complementation groups. Further considerations are

presented in the following section.
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The Generalized Cell Lethal Hypothesis
Sherman and Wudl (1977) have suggested that in some cases t-mutants
die as a result of a disturbance of essential metabolic function.

Accord

ingly, embryogenesis would be disrupted at various stages of development
that require high expenditures of energy or cell growth.

Demise of the

embryo would occur at a particular stage depending on the severity of the
alteration of the T-locus (Sherman and Wudl, 1 977).

Moreover, all of the

cells are affected rather than one or few cell types in the embryo.

Most

of the support for this hypothesis is based on studies of Hillman and

coworkers and of Sherman and Wudl summarized below.

Hillman (1 975) postulates that both sperm function and embryo lethal
ity can be explained by a T-locus induced lesion resulting in abnormal
intermediary metabolism.

Hillman (1 975) states,

1

1

. increased (ATP)

metabolism could result in either increased motility, viability, capaci

tation and/or ability to fertilize and could cause the tn -bearing sper
matozoan to be meiotically driven. " Meiotic drive, resulting from

alterations in spermatogenesis, can result in one gene being transmitted
in greater proportion than 1: 1 .

However, there is no evidence of meiotic

drive resulting in increased production of tn-bearing sperm (Bryson, 1 944 ;
Hammerberg and Klein, 1975).

Several studies favor postmeiotic expression

of T-genes ; that is, processes that confer on t-bearing sperm superior
physiology or enhanced fertilizing capacity (Sherman and Wudl, 1 977).

This latter explanation is in agreement with the metabolic barrier

hypothesis ; that is, the transmission ratio distortion is caused by
aberrant aerobic metabolism in t-sperm.

Ultrastructural analysis of mitochondria in t-mutants has shown
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altered structure of mitochrondria, including swollen form, crystalloid
inclusions, and acidless dense matrix (Hillman,

1 975).

Hillman (1 975)

reported that mitochondria in tw32/tW32 cannot undergo the normal develop
mental transition from 4-cell to early 8-cell stages.

In order to test the

hypothesis that lethal t-alleles may affect normal functioning of mito

chondria, Blake ( 1 977) measured activities of three inner membrane enzymes

of liver mitochondria in I.lt6 mice. Interestingly, the activity of

cytochrome oxidase (CCO) was significantly lower in T/t6 mice than in

B6C3AF 1 hybrid mice. CCO activity was calculated on a mitochondrial basis,

thus excluding the possibility that reduced activity was due to lower
numbers of mitochondria in T/t6 mice.

Such an aberration could produce

non-physiological levels of aerobic metabolism, as suggested by Hillman
( 1 975).

Mintz (1 964) has demonstrated that cells of tl2/t 1 2 embryos die a

the same developmental stage.

Furthermore, cells of chimeric embryos

containing both mutant and wild-type cells behave independently of each
other and all mutant cells die at the same time, despite the presence of
normal cells . This supports the contention that tl2 is a generalized cell
lethal mutation (Sherman and Wudl, 1 976); however, since all cells of tl2

embryos are of one type, classification of these embryos as such may not
be appropriate (Sherman and Wudl, 1 977).

Sherman and Wudl (1 976) investigated the tW5 mutation by means of

vitro culture and by a microassay for the enzyme beta-glucuronidase.

.i!!.
The

tW5 /tW5 mutants have a phenolethal period at mid-egg cylinder stage with

embryonic ectoderm cells appearing to be affected first (Bennett and
Dunn,

1 958).

Their results showed that survival rates of chimeras from
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VtW5 x +/tW5 matings were close to predicted rates of survival assuming
that cells behaved independently of each other.

Furthermore, they found

reduced beta-glucuronidase activity in experimental crosses, which was
interpreted to mean that homozygotes are partially arrested in their
ability to carry out normal cellular functions at a comparable pheno
critical period

.i!l vivo.

Studies of t6/t6 embryos support the contention that this allele is

also a generalized cell lethal. Nadijcka and Hillman (1975) analyzed t6

embryos at both light and electron microscopic levels and described their
phenotypic characteristics.

In brief, the phenolethal period was found to

be from short egg cylinder to elongated egg cylinder stages with the
majority dying at the short egg cylinder stage. Mitochondrial crystalloid
inclusions were described and all cells contained excessive cytoplasmic

lipids. Cell lethality in t6/t6 mutants was concluded to be asynchronous

and not confined to a single cell type but occurred randomly. Wudl and
Sherman (1976) contend that t6 homozygous mutants are generalized cell

lethals despite the fact that most recent reviews indicate that the ecto

derm is initially affected. The original analysis (Bennett and Dunn, 1958)
clearly showed all cell types were affected (both endoderm and ectoderm}.
Related Hypotheses

Although both hypotheses seem at odds with one another, they may be

more closely related than it appears. Indeed, an alteration of cell

surface antigens could induce the metabolic aberrations seen in lethal
mutants. Conversely, altered or abnormal metabolism could account for

altered cell surface components. If the former were the case, then the

primary role of t-specified antigens may have some other function rather
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than to facilitate cell-cell recognition and interaction (Sherman and
Wudl, 197 7).

The latter relationship of a primary metabolic lesion

affecting secondarily the cell surface is also plausible.

For example, an

intermediary metabolism aberration could alter surface carbohydrate
moieties and thus affect antigenicity of surface glycoproteins (Boyd,
1 966).

Gardner (1976) has suggested that mutants may alter conformation

or distribution of a macromolecule; that is, an abnormality in synthesis
or regulation of membrane lipid may result in the identical surface

molecules being exposed differently between normal and mutant embryos.

Evidence for this hypothesis may come from experiments involving Con A

induced agglutinability of embryos from control (+/T x +/tW32) and

experimental (+/tW32 x +/tW32) crosses. Preliminary results have shown
differences in agglutinability between these crosses which may indicate

an impairment of membrane fluidi ty in mutants (Granholm and Rector, 1978) .
Whether this is caused by an underlying metabolic lesion is unresolved

presently.

Finally, it might be that T-locus mutants are unable to

organize cell cortical regions due to loss of microfilament function,
faulty insertion of microfilaments into the cell surface, and/or impair

ment of cell surface-cell cortex coordination; that is, transmembrane
control.

Granholm and Brenner (1976a) have suggested that CB may pheno

copy some of the effects of the tw32 allele.

In conclusion, probably all of these hypotheses have some evidence

to support their validity, but proving one to the exclusion of others

remains to be accomplished.

It is likely, however, that when a model is

formul ated it will incorporate aspects from all these hypotheses.

Their

relative importance may be judged by their contribution to an understanding
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of T-locus function during early embryogenesis in mammals.
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MATER IALS
Several mice strains were maintained as producing mouse colonies.

HA/ICR mice, random-bred, were purchased from Sasco, Inc., of Omaha,
Nebraska.

Inbred mouse colonies included inter � matings of mice of

strain BT BR TF/Nev-T/tW32 obtained from Dr. Dorthea Bennett of Cornell
Medical College and Balb/cJ mice obtained from the Jackson Laboratory,

Bar Harbor, Maine. Also, T tufted/tW32 wild mice of strain BT BR TF/Nev

T/tW32 were mated with Balb/cJ mice (T/tW32 x +/+), yielding offspring of

two different genotypes:

+/T (Brachury) and +/tW32. These mice were

separated on the basis of tail length :

mature mice with tail lengths

greater than or equal to 8.5 cm were considered +/tW32, while mice with
tail lengths less than or equal to 7.4 cm were considered Brachury (+/I) 
These criteria were derived from information regarding identification of

genotype by tail length (Chesley and Dunn, 1936; Johnson, 1976).

All mice were maintained in a controlled 25 ° C environment with arti

ficial lighting from 6 a.m. to 1 0 p.m. each day followed by an 8 hour

night period. Water and food were available ad libitum. Purina Mouse
Chow was fed to breeding mice, while others received Purina Laboratory

Chow. Sawdust bedding was changed regularly; nestlets were given to

breeding mice. Breeding cages were set up with two females and one male

in small group cages and were checked daily and births were recorded. At

weaning (21 d), mice were transferred to large storage cages until further

use. All mice were examined at time of weaning, and those not conforming

to the desired quality were culled. After a sufficient population of males

were born, subsequent males were culled at birth.
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Embryos for experimental reports I - I I I were obtained from matings
between HA/ I C R mice .

Young femal es ( 3 weeks to 9 0 d ) were superovul ated

with 5 - 1 0 I . U . PMS at 1 2 00 h on day l fol l owed by 5 - 1 0 I . U . HCG 48 h
l ater .

General l y, two femal es were pl aced with one mal e in the evening

of day 3 and checked for vaginal pl ugs in the morning .

Al though vaginal

pl ugs are sometimes l ost before examination, this method proved to be a
simpl e and convenient test of coitus .

I n order to determine the age of

embryos, mating was assumed to take pl ace midway through the dark cycl e
at 0 200 h ( 2 a . m . ) .

Hours post coitum (hpc ) were cal cul ated from that

time .
Embryos for experimental report I V were obtained from matings between

+/I. femal es and +/tW 32 mal es (control ) and +/tW 3 2 femal es and + ; tw32

mal es (experimental ) .

The ±ftW 32 mal es used in both matings were test

mated with +/T ( Brachury) femal es .

The presence of any tail l ess offspring

( T/tW 32 ) proved that the mal e genotype was +/tW 3 2 .

on the basis of tail l ength al one .
as described before .
expected :

Femal es were identified

Femal es were superovul ated and mated

In the control cross, four kinds of offspring were

+/I_, +/+, +/tw3 2 , and T/tW32 with al l four genotypes yiel ding

viab l e offspring .

In the experimental cross, there are three possibl e

genotypes ; i . e . , +/+, +/tW 32 , and tW 32 /tW 32 .

The tw 3 2 homozygotes are

l ethal mutants which die between the morul a and earl y b l astocyst stages
of devel opment .

According to Granhol m et al . ( 1 977 ) about 40 percent of

the embryos in the experimental cross are l ethal mutants .

38
LATENT EFFECTS ON I N V I TRO DEV ELOPME NT FOLLOW I NG
CYTOCHALAS I N B TREATMENT OF E I GHT- C ELL MOUSE EMBRYOS
N . H . Granholm, l G . M. Brenner, 2 and J . T . Rector l
SUMMARY
Eight -ce l l mouse embryos when treated with 4 . 0 ug/ml cytochalasin B
( CB) in vitro undergo a reversibl e developmental arrest .

Upon rinsing of

embryos and subsequent cu l ture in control medium, normal morphogenetic
processes such as compaction of 8-cell embryos, cavitation, and post
b l astocyst attachment and outgrowth are restored .

However, the effects of

CB on mouse embryos are not complete l y reversible ; latent postb l astocyst
defects become increasingly more prevalent as C B treatment duration
increases .
The p resent study was conducted to quantitatively determine l atent
effects of C B on postblastocyst embryos by comparing their abi l ity to
attach and to sustain the growth and differentiation of I CM and trophoblast
tissues .

Groups of 8 -ce l l embryos were cul tured in Brinster ' s BMOC-3

medium containing 4 . 0 ug / m l cytocha l asin B for 6, 1 2, 1 8, and 24 hours .

Fo l lowing treatment, embryos were rinsed and cultured until 1 90 hours post

coitum (hpc ) in Eag l e ' s MEM/ 1 0% fetal calf serum modified to contain
optima l levels of essential amino acids .

Blastocysts general l y attached

to the surface of the p l astic substratum by 1 20 hpc .

At se l ected time

periods after attachment ( 1 30, 1 60, and 1 90 hpc ) , embryos were scored for
E l ectron Microscope Laboratory, Veterinary Science 1 50, South Dakota
State U niversity, Brookings, South Dakota 57007
2 Pharmacology Department, Ok l ahoma Co l lege of Osteopathic Medicine
and Surgery, Ninth and Cincinnati, Tulsa, Ok l ahoma 741 1 9
l
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outgrowth size, ICM size, extent of peripheral hyaloplasmic fan, and

number of trophoblast nuclei per outgrowth. Analyses of vari ance (ANOVAs)
were conducted for each of the four parameters listed above.
attachment were analyzed by X2 test.

Rates of

Results show that the treatments affect (P< 0. 01 ) embryo attachment,

number of trophoblast nuclei per outgrowth, hyaloplasmi c fan production,
and ICM growth i n a duration-dependent manner.

Interestingly, since treat

ment effects on outgrowth areas are nonsignificant, ap parently CB does not

significantly change total outgrowth area.

But CB treatment does cause

abnormal fan production and decreased trophoblast nuclei numbers.

However,

trophoblast cells are apparently more resistant than ICM to CB as is evi 
dent by the hi gh i nci dence of trophoblast outgrowths devoid of ICM.

CB (4. 0 ug/ml) treatments at 8-cell stages for relatively short

durations (6 and 1 2 hours) i nduce latent effects on postblastocyst embryos.
Finally, there exists a defini te 4. 0 ug/ml CB duration response over the

68-1 90 hpc observati on interval.

INTRODUCT ION

i n:

Treatment of preimplantati on mouse embryos with 4-1 0 ug/ml CB results

(1 ) producti on of tetraploids and 2n/4n mosaics by suppression of the

second cleavage division (Snow, 1 973; Tarkowski et al. , 1 977), (2) a

reverse compaction of compacted 8-cell embryos (Duci bella and Anderson,

1 975), and (3) fai lure of embryos to cavitate and to produce IC and tropho

blast cell populations (Granholm and Brenner, 1 976a).

Interesti ngly, the

overall reversibi lity of the effects of CB on long term development seems

to be extraordinary as judged by the bi rth of transferred tetraploid young
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(Snow, 1975).

Indeed, even after a 24 hour pulse in 4.0 ug/ml CB, 46/48

or 96% of treated eight-cell embryos cavitated to form blastocysts
(Granholm and Brenner, 1976a).

Upon examination, however, a number of CB-induced developmental
defects have been discovered and described. After transferring CB treated
2-cell mouse embryos to recipients, development was clearly abnormal by
the eighth day of pregnancy (Tarkowski et al. , 1977). After similar
treatments Snow (1976) reported that only 19. 4% (6/31) of tetraploid

blastocysts in early implantation sites possessed both ICM and trophoblast

cell derivatives; where ICM derivatives were present, their development
was abnormal.
It is, therefore, of interest to determine the extent to which CB

treated preimplantation embryos can recover and undergo normal postimplan
tation morphogenesis.

Moreover, CB may produce selective and predictable

inhibitory effects on trophoblast or ICM derivatives as reported for

certain metabolic inhibitors (Epstein, 1975; Rowinski et al., 1975).

The present study was conducted to quantitatively determine the latent

effects of varying pulses of CB on early postimplantation mouse embryos

by comparing their ability to hatch, to attach, and to sustain the growth

and differentiation of ICM and trophoblast tissue.

In contrast to previous

studi es, CB treatment began at the 8-cell stage, thus suppressing the

fourth cleavage division.

MATER IAL AND METHODS

Eight-cell embryos were recovered from superovulated virgin ICR

females, pooled, and randomly assigned to the following treatment or
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control groups at 68 hpc :
1. Brinster's BMOC-3 media with 4.0 ul/ml dimethylsulphoxide (DMSO)
control group.
2. 6, 12, 1 8, or 24-hour 4.0 ug/ml CB treatment groups.

Cytochalasin B was dissolved in DMSO and added to Brinster's BMOC-3

medium to make a final concentration of 4.0 ug/ml CB. The dosage of 4.0
ug/ml was selected on the basis of previous CB dose response data; 4. 0

ug/ml was the lowest concentration of the drug that completely inhibited
the morula-to-blastocyst transformation between 68- 92 hpc (Granholm and
Brenner, 1 976a).

Embryos were cultured in 2.0 ml of media in Falcon

dishes (No. 3001) at 37 ° C, gassed with 5%

co2 in air.

At the end of the period allotted for the cytochalasin B pulse (6, 12,

1 8, or 24 hours), the treatment group was rinsed three times in Brinster's

medium to remove CB, and subsequently cultured in Brinster ' s B�OC-3. DMSO

control embryos were rinsed after 24 hours. At 92 hpc all treatment groups
and control groups were cultured in Eagles MEM/10% fetal calf serum modi

fied to contain optimal levels of essential amino acids to allow for post
blastocyst devel opment (Spindle and Pederson, 1 973). Fetal calf serum

(Gibco) was pretested for its ability to support growth and differentiation

of early mouse embryos in vitro.

In order to facilitate location of blastocysts after attachment,

blastocysts were placed in 1 2 mm diameter x 7 mm high glass rings attached
with silicone grease (Dow) to the bottom of Falcon dishes (No. 3001) con

taining medium both within and outside of the ring.

Medium was added until

approximately 6 mm of the ring was submerged (2.0-3. 0 ml). After attach
ment at 120-130 hpc, the rings were removed and all groups were scored
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for the following parameters:

(1) size of outgrowth, (2) size of ICM,

(3) extent of hyaloplasmic fan per outgrowth, and (4) number of tropho

blast cell nuclei per square millimeter of outgrowth area. These para

meters were scored by taking photographs at SOX magnification during each
time period.

A transparent calibrated grid containing evenly spaced

points was superimposed over individual contact prints; areas were determ

ined by counting points (n) falling on or within the perimeter of
individual outgrowths, fans, and ICM's. This method measures absolute

area; absolute area = nd2, where d is the distance between adjacent points
(Halley, 1964) .

Nuclei of trophoblast cells of outgrowths were counted

from contact prints of outgrowths.

Number of nuclei and fan regions were

adjusted to outgrowth size so that these parameters are independent of
area of outgrowth, which can vary considerably. Counts of nuclei were
expressed as number of nuclei per millimeter squared of outgrowth, and

fan regions were expressed as proportion of fan region relative to outgrowth
area.
A factorial experimental design was applied to the data.

Groups of

twelve embryos were treated with cytochalasin B for evenly spaced pulse

durations (Factor C).

Each treatment and control was replicated six times

(Factor B). To accomplish this replication each block (replication)

consisted of 60 semicompacted or compacted eight-cell embryos obtained at
a given recovery.

Scoring of parameters was done over three equally spaced

time periods (Factor A).

The data were analyzed on an IBM computer and

the results presented in an analysis of variance table (Table 2).

In all

ANOVAs, replications are random while everything else is fixed. Response

curves were performed on significant main effects by curvilinear regression
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techniques .

An IBM program was used to fit the data to polynomials of

increasing degrees, and the results were presented graphically (Fig. 2).
RESULTS
Preimplantation Development During and Following CB Treatment
At a concentration of 4. 0 ug/ml CB blocks cytokinesis, and embryos

retain the cell number they possessed when first subjected to the drug

(Granholm and Brenner, 1 976a). Cleavage stage embryos when treated with
4. 0 ug/ml CB in BMOC-3 at 68 hpc remained as cleavage stage embryos
throughout the treatment duration, and individual blastomeres of 8-cell

uncompacted embryos retained their rounded appearance.

Blastomeres of

compacted 8-cell embryos underwent a reverse compaction process (Ducibella

and Anderson, 1 975) characterized by apparent changes in embryo transpar
ency and blastomere shape. CB-treated embryos become more transparent
(and less translucent) than untreated controls.

Blastomeres become more

spherical with obvious modifications in the extent of cell-to-cell contacts.
A high percentage of embryos were able to recover from CB treatment

after rinsing with culture medium. After 24 hours of 4. 0 ug/ml CB treat
ments, 61 /71 or 85. 9% formed definitive blastocysts within 1 2 hours of

removal of CB .

However, abnormalities were seen in many of these recovered

embryos including reticulation or partitioning of the blastocoel, thickened
trophoblast epithelia, formation of small and contracted blastocysts,

accumulations of small ICM foci (ectopic ICMs) distributed in various

positions around blastocoelic spaces, and oddly shaped blastocysts possessing
numerous surface bulges.

Embryos treated with CB for 36 and 48 hours

failed to recover after rinsing, remained arrested in 8 -cell stages, failed
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to cavitate, and did not attach to the substratum (Granholm and Brenner,
1 976a) .

Effects of CB on Attachment
Pulse durations of CB were tested for effects upon attachment.

There

was no significant difference between replications, and data were pooled .

Combined results were analyzed with a x 2 test for significant differences

of attachment among groups at 1 30 hpc (X 2 =83.1 0, P � 0.01 ) .

The analysis

indicated no significant difference between the control and 6-hour CB
treatment (X2 =0 . 01 2 , n. s.) .

The average of the control and the 6-hour

treatment was found to be significantly different from 1 2-hour CB treat
ment (X 2 =3. 87, P£ 0. 05) .

Similarly, the average of control, 6 h, and 1 2 h

treatments was significantly different (P� 0 . 01 ) from 1 8 h treatment, as

was the 2 4 h treatment from the average of the other four groups.

Thus, it

can be concluded that CB pulses for greater than 6 hours have deleterious

effects on attachment. An examination of the results (Table 1 ) indicates

that the number of embryos which attached by 1 30 hpc decreased with

increasing pulse duration .

Latent CB Effects on Postimplantation Development
Four parameters of postimplantation development were analyzed at

1 30, 1 60, and 1 90 hpc intervals.

Analyses of variance (ANOVAs) for each

of the four parameters are presented in Table 2.

Significant effects

(PL 0. 01 ) are indicated by the double asterisks. For outgrowth area,

ANOVA shows that culture time and replication are significant .

Examination

of the means for culture time indicated that outgrowth size increased

consistently over the three time periods .

For trophoblast nuclei per outgrowth (mm 2 ) , ANOVA shows that both time
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and treatment are signi ficant.

To determi ne i f the response changes

systematically as pulse durati on increases, data were analyzed by curvi
li near regressi on.

A li near relati onship (Fig.

2 a)

was found to exist

with number of nuclei decreasing wi th i ncreased pulse duration.

The

equat i on of the durati on response line is Y-=483. 4-75. 5 (X) , where v' is the
expected number of nuclei per outgrowth (mm 2 ) and X is the treatment
number (1 , 2, . . . 5) where l=control, 2=6 hour CB pulse, 3= 1 2 hour CB pulse,
4= 18 hour CB pulse, and 5= 2 4 hour CB pulse.

The standard error of estimate

is 140. 7.

Clear hyaloplasmic regi ons of outgrowi ng trophoblast cells are often

observed (Fi g. ld, lf).

Ti me lapse fi lms have shown that hyaloplasmi c

fans exhi bit ruffling membrane activity; C B produced an i mmedi ate cessati on

of ruffli ng activity (Granholm and Brenner, 1976a).

Moreover, other

studi es revealed that some CB treated embryos possessed abnormally exten
si ve peri pheral hyaloplasmi c fan regions (Granholm and Brenner, 1976b).

was, therefore, of interest to measure hyaloplasmic fan regions after
pulsi ng wi th CB.

Proporti ons of clear fan area relati ve to total outgrowth

area were analyzed (Table 2 ).

cant.

Treatments were found to be hi ghly signifi 

A response curve was performed on the data (Fi g.

of the fi tted response is -Y-=0. 1 855+0. 0600 (X).
mate i s 0. 1330.

It

2 b) .

The equati on

The standard error of esti 

It i s seen that the response is linear, wi th fan areas

i ncreasi ng wi th pulse durati on.

Areas of ICMs were measured on attached embryos and analyzed (Table 2 ).

ANOVA shows that the mai n effects for treatments and time are signifi cant.

An exami nati on of means for ti me i n culture i ndi cated a trend of decreasi ng
ICM area over the three time peri ods.

The fi tted response functi on for
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treatment effects is presented graphically in Fig. 2c.
the curve is 1-=0. 00868-0. 00llS (X).
0. 0055.

The equation of

The standard error of estimate is

The response is linear; ICM area decreased with increasing CB

pulse duration.
DISCUSS ION

We previously reported that 4. 0 ug/ml CB induces developmental arrest
of 8-cell embryos over a 6-24 hour treatment period and that many arrested

embryos subsequently transform into apparently normal blastocysts after
rinsing and culture in control medium (Granholm and Brenner, 1976a).

Following recovery from CB, blastocysts possess fewer than normal cells,

partitioned bla�tocoels, thickened trophoblast epithelia, ectopic ICMs,

and abnormal trophoblast bulges.

The occurrence of these morphological

abnormalities suggests that CB prevents the orderly differentiation and

segregation of ICM and trophoblast components possibly by interfering in
specific ways with morphogenetic cell movements (Miranda et al. , 1974;

Perry and Snow, 1975).

In addition to preimplantation effects, data presented in this paper

show that treatment of 68 hpc embryos with 4. 0 ug/ml CB for 6, 12, 18, and

24 hours also impairs the subsequent attachment of blastocysts to substrata

and the development of ICM and trophoblast derivitives. Percentages of

attachment varied inversely with the duration of CB treatment (Table 1).
CB-induced effects on attachment could possibly be caused by preventing

hatching from the zona pellucida, by interfering with microfilaments es

sential for the initial adhesion of trophoblast processes to the substratum,

by decreasing the number of ICM cells below a critical threshold level
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thereby secondari ly i nhi b i ti ng trophoblast cell attachment (Ansell and
Snow, 1 975), or by polyploi dy and cell death i nduced by CB treatment.
Snow (1 976) reports that 37/63 (58. 7%) CB-i nduced tetraploi d embryos

produced outgrowths

i!l. vi tro as compared to 29/30 (96. 7%) d i ploi ds. Al

though further experi ments are necessary to i denti fy the mode of acti on of
CB on blastocyst hatchi ng or attachment, our results defi ni tely show a

durati on response relati onshi p (Table l); 84. 3% of the DMSO controls

versus 79 . 9, 67. 6, 36. 2, and 23. 9% of the 6, 1 2, 18, and 24 hour CB-treated
embryos attached .
Regardi ng posti mplantati on development of DMSO control embryos to

190 hpc (Fi gs. la, c, 3; Table 2), outgrowth areas i ncreased (P� O . O. ),

number of trophoblast nuclei per outgrowth i ncreased (P<- 0 . 0 1 ), and ICM

areas decreased (P< 0. 0 1 ).

Reasons for ICM area decreases over time may

be adverse culture conditions or perhaps an expressi on of the reorgani zati on
of ICM cells from a flattened spread confi gurati on to a more consoli dated

cyli nderi cal arrangement whi ch when vi ewed through a mi croscope, photo

graphed, and scored would have less of an areal extent than a flattened

conformati on .

Followi ng CB pulses, treatment effects are seen (Fi gs. lb, d, f;

Table 2) on the number of trophoblast nuclei , hyaloplasmi c fan elaborati on,

and ICM area i n a durati on dependent manner.

It thus appears that latent

effects of CB on postblastocyst development can be predi ctably determi ned

by the ti mi ng and durati on of treatment .

In the present study, CB treatments were not found to change total

outgrowth areas.

However, the number of nuclei per outgrowth decreased

wi th i ncreasi ng pulse durati on , whi le the areas of hyaloplasmi c fan reg i ons
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increased.

These observations suggest that although total areas of out

growths were not significantly changed by CB treatments, CB was harmful to
primary trophoblast outgrowth in_ vitro.

Interestingly, the production of

abnormal fan regions has not been observed with other inhibitors, and this
defect appears to be specific for CB treatments.

Granholm and Brenner

(1976a) have suggested that CB may interact with microfilaments so as to

alter subsequent development of hyaloplasmic regions.

The effects of CB on ICM areas indicate a differential survival of

ICM versus trophoblast. Although CB treatment does produce latent effects
on trophoblast outgrowth as is evident by abnormal fan production and by
reduced trophoblast nuclei numbers, trophoblast cells are apparently more
resistant to CB treatment as is evident by the high incidence of tropho

blast outgrowths devoid of ICM. A similar observation was made by Snow
(1975).

An in_ vitro study showed fewer tetraploid blastocysts produced by

treating 2-cell mouse embryos with 12h 10. 0 ug/ml CB pulses than control

blastocysts outgrew; also, all control (diploid) outgrowths possessed
ICM's, but in 19/31 of the tetraploid outgrowths ICM's were absent.

In

utero, 67% of transferred tetraploid blastocysts in early implantation

sites lacked ICM cells.

These results suggest that CB interferes with

formation of ICM in the blastocyst, possibly by interfering with

microfilament-mediated cell movements or by causing selective cell death.

Moreover, trophoblast growth and differentiation may have been deleteriously
affected by lack of ICM in addition to CB treatment effects.

Our observa

tions show both ICM areas and trophoblast cells numbers decreased with
increasing pulse duration.

The latent effects of CB on postblastocyst development may be
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partially determined by the timing and duration of CB treatments. For
example, tetraploid blastocysts produced by treating 2-cell mouse embryos
with 10. 0 ug/ml CB over the 40-52 hpc interval and subsequently transferred
to pseudopregnant recipients can result in the production of viable but
diminutive offspring in a small percentage of cases, indicating that CB

induced tetraploidy is compatible with morphogenesis and survival until
parturition (Snow, 1975). However, it was shown that the majority of
blastocysts develop

.i!!. utero only as trophoblast giant cells and that few

show evidence of an ICM.

Where ICM derivatives were present, development

was not necessarily normal and a high incidence of embryonic mortality was
apparent through gestation.

In contrast, developmental effects of tetra

ploidy induced by 3-8 1/2 hour 10. 0 ug/ml CB treatment were not observed
until the eighth day of pregnancy (Tarkowski et al. , 1977).

The first

symptom of tetraploidy was retardation of the development of the embryonic

part of the egg cylinder, but the main problem was inadequate production
of mesoderm.

None of the implanted tetraploid blastocysts were able to

survive until birth. It may be that the shorter duration of CB treatment

may result in less harmful effects, although differences in methodology

and mice strains could have contributed to the different developmental
potential of CB treated mouse embryos.

We have found that postblastocyst effects of CB treatment increased

from 6-24 hours.

Effects of 12 hour or greater treatments of preimplanta

tion embryos indicate that CB may in fact be more harmful to cells

contributing to the developing embryo than to those cells predestined to

become foetal membranes. CB-induced polyploidy may reduce proliferation
and viability of cells, and would, therefore, be expected to adversely
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affect development of the embryo proper rather than affect cells of extra
embryonic membranes some being derived from primary trophoblast, which is
polyploid by nature.

In this same respect, it is interesting that in 2n/4n

mosaics, 4n cells are eliminated from embryos but not from foetal membranes
(Tarkowski et al., 1977).

In summary, latent effects of 4.0 ug/ml CB pulses included inhibition
of ICM growth; treatment effects were also seen to reduce trophoblast
nuclei and to stimulate abnormal fan production of trophoblast outgrowths.
However, trophoblast cells appear to be more resistant than ICM cells to

CB treatment as is evident by the high incidence of trophoblast monolayers
devoid of ICM and by the decrease in ICM areas with increasing pulse
duration.
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Table 1. Attachment of Blastocysts at 130 hpc.
Treatment

Attached

Nonattached

Total

59

11

6 h

70

55

14

69

12 h

46

68

18 h

25

22

Control

24 h

17

Total

202

x 2 =83. l0** (P< 0.01)

44

69

54

71

145

347

Table 2. Summary of Analyses of Vari ance of the Effects of CB on Postblastocyst Morphogenesi s
Mean Square
Hyal opl asmic
Fan Area per
Outgrowtha

Source of
Vari ati on

Degrees of
Freedom

Outgrowth
Area

Trophobl ast
Nuclei per
Outgrowth {mm 2 }

A = Time

2

0.1 0849**

223, 276.3**

0.091 88

0 .001 1 88**

B = Repli cati on

5

0.00223**

1 7 ,751 . 7

0.01 404

0.000029

C

4

0.00062

0 .5841 0**

0.000232**

=

Treatment

0.00046**

1 4, 1 1 2.1

0.02585

0.0000 1 0

0.00088

26,338.6

0.026 1 5

0.0000 1 3

20

0.00 1 80**

20,587.5

0.0 1 41 8

0.000028

40

0.00054

1 5,20 1 .6

0.01 534

0.0000 1 6

387

0.00073

1 6,987.4

0.0 1 639

0.000025

A X B

10

A X C

8

BX C
A X BX C
Error

924,825.3**

ICM Area

a proporti on of clear fan area relati ve to outgrowth area.
**P < 0.0 1

u,
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Figure 1. Latent effects of CB on outgrowths of mouse embryos in

vitro.

Figure la, le, le.
respectively.

DMSO control embryos at 1 30, 160, and 1 90 hpc,

For these embryos, outgrowth areas increased, number of

trophoblast nuclei per outgrowth increased, and ICM areas decreased.

Note

the differentiation of ICM in figure le to form inner ectoderm and outer
endoderm.

Magnifications are X209, Xl90, and XllO, respectively.

Figure lb.

Embryo at 130 hpc following 12 hour 4. 0 ug/ml CB treat

ment from 68-80 hpc.
Figure ld, lf.

X293.

Twelve and eighteen hour 4. 0 ug/ml CB-treated embryos

showing extensive peripheral hyaloplasmic regions (arrowheads), fewer

trophoblast nuclei, and few, if any, ICM cells.

Outgrowths in Figs. ld

(Xl83) and lf (Xl46) were photographed at 1 60 and 1 90 hpc, respectively.
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m

Figure 2 . Duration-response lines of 4. 0 ug/ml CB on (a) number of

trophoblast nuclei per outgrowth (mm 2 ), (b) proportion of fan area per

outgrowth area, and (c) size of ICM (mm 2 x 1 0 -3). Response curves were

generated by curvilinear regression techniques.

For each parameter

measured, the linear equation was significant and plotted graphically.
The equation of the duration-response line and the standard error of

estimate are given with each graph.

In each instance,

1 is the expected

number and X is the treatment number (1, 2 , ...5), where l=control,
CB pulse, 3=1 2 h CB pulse, 4= 18 h CB pulse, and 5= 2 4 h CB pulse.
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D I FFERENTIAL CONCANAVALI N A- I NDUCED AGGLUTI NATION
OF EIGHT-CELL PREIMPLANTATION MOUSE EMBRYOS
BEFORE AND AFTER COMPACTION

J. T. Rectorl and N. H. Granholm l
South Dakota State University

SUMMARY

Eight-cell mouse embryos undergo a morphogenetical l y significant
process termed compaction during which blastomeres flatten against one

another maximizing their areas of ce l l-cell contact.

Data presented here

show striking differences (PL 0. 01 ) in Con A-induced agg l utination between
groups of uncompacted and compacted embryos suggesting that the compaction
process is accompanied by changes in b l astomere surface properties.

I NTRODUCTION

Concanava l in A (Con A), a plant lectin, has been used to demonstrate

changing cell surface properties during development.

Moscona (1 971 ) first

demonstrated that agglutinabi l ity effects of Con A on embryonic chick neural

retinal ce l l s changed with differentiation and maturation of these cel l s.

Recently, Rowinski et a l . (1 976) have shown that agg l utinabi l ity of mouse
embryos changes during preimplantation deve l opment.

Agglutinability

decreased at the morula stage and dramatica l l y decreased at the b l astocyst
stage.

In contrast, inner ce l l mass cells were readi l y agg l utinab l e.

These results suggest significant changes in the cell membranes during the

morula-to-blastocyst transformation. A l though testing 8-cel l embryos,
l E l ectron Microscope Laboratory, Veterinary Science 1 50, South Dakota
State University, Brookings, South Dakota 57007
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Rowinski et al. (1 976} did not differentiate bet een uncompacted and
compacted stages.
Eight-cell mouse embryos undergo compaction during which blastomeres
become more closely applied to each other. The compaction process occurs
in a coordinated and rapid fashion involving all the blastomeres.

suggests fundamental changes in blastomere surface properties.

This

Although

the process of compaction has been partially characterized (Lewis and
Wright, 1935; Ducibella and Anderson, 1975), its underlying mechanisms
remain obscure.

It has been postulated (Lewis and Wright, 1935 ) that the

compaction process may be related to changes in blastomere surface tension,
gelation, adhesiveness, cleavage plane orientation, and/or combinations
of these factors.

By utilizing Con A as a cell surface probe, the changes in cell mem

brane topography that occur during compaction may be elucidated.

There

are a variety of methods available to study changes in Con A receptor

sites; e. g. , isotope or fluorescent labeled Con A, Con A-induced agglutin
ability, and ferritin-labeled Con A visualized by electron microscopy.

the present study, Con A was applied to uncompacted and compacted eight

In

cell mouse embryos to demonstrate differential agglutinability, suggesting
the nature of the change in the cell surface occurring during compaction.
ATERIALS AND METHODS

Virgin ICR female mice were superovulated (Granholm and Brenner,

1976a), placed with males overnight, and checked for vaginal plugs in the
morning.

Fertilization was assumed to have taken place midway through the

8-hour night cycle at 0200, and age of the embryos post coitum (hpc) was
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calculated from that time (Granholm and Brenner, 1 976a ) .
Uncompacted 8-cell stage embryos were obtained either by flushing

oviducts with B rinster ' s BMOC-3 medium (G IBCO ) at 54 hpc or by flushing
oviducts at 46 hpc and culturing the embryos in BMOC-3 at 37 ° C in an
atmosphere of 5% CO2 in air until the uncompacted stage was reached .
Compacted 8-cell stage embryos were obtained similarly . Embryos are
generally compacted at 60-68 hpc .

It was assumed that cell membranes of

semicompacted and compacted stage embryos; i . e . , those undergoing compac
tion and those which have completed compaction are similar, and so, this
group includes both semicompacted and compacted 8-cell embryos.

Embryos of like stage were pooled and zonae pellucidae were removed

with 0 . 25% pronase (Calbiochem) . The 0. 25% pronase solution was prepared

by dissolving 25 mg pronase and 1 . 0 g polyvinylpyrrolidone (PVP ) in 1 00
ml pH 7 . 2 phosphate buffered saline (PBS) .

Embryos were transferred to

2 . 0 ml of pronase in a Falcon petri dish at room temperature .

After 1 0-20

minutes zonae disappeared or became removable by pipetting with siliconized
pipets with approximately 1 00 um inside diameters .

In one experiment,

zonae pellucidae were removed by a 5-1 0 minute incubation at 37 ° C in 0. 25%

pronase .

Embryos were then placed in culture media ( Brinster's BMOC-3 )

and rinsed to remove pronase. A recovery period of 3/4 - 2 h at 37 ° C in

5% CO2 in air was allowed before Con A treatment .
The agglutination assay was modified from Rowinski et al. (1 976 ) .

Embryos were removed from the medium and placed in Con A solutions. Con A
(grade IV, Sigma) was freshly dissolved for each experiment in PBS, and

concentrations of 1 0, 1 00, and 1 000 ug/ml were used.

Denuded embryos were

randomly assigned to treatment groups and placed in Con A solution .

1 2-29

60
embryos were placed in one drop of Con A solution in a depression slide

and pipetted back and forth for five minutes at room temperature. Agglu
tination was quantitatively defined by counting embryos forming clumps.
For example, a ratio of 18/25 in Table l would indicate that 18 of 25

embryos agglutinated to form doublets, triplets, etc., while seven embryos
remained as singles after five minutes.

Parallel exposure in 1000 ug/ml

Con A plus 0. 05 M solution of methyl-alpha-D mannopyranoside (MAM) was
done to exclude nonspecific agglutination.

The experiment was conducted as a randomized block design using three

equally-spaced treatments (on a log scale).

The treatment effects were

analyzed by curvilinear regression and presented graphically in Figure 1.
RESULTS

Data in Table 1 reveal a dramatic decrease in Con A-induced agglutin
ability in compacted versus uncompacted embryos. The curves in Figure 1

were generated by curvilinear regression analyses of the data in Table 1.
A final statistical test (Table 2, homogeneity of regressions) showed that
the two curves were different (F=25.83, P<=- 0. 01). These results suggest

that the dramatic change in agglutinability shown to take place between 8-

cell stages and 16-32 cell morulae by Rowinski et al. (1976) actually

occurs rapidly during the 8-cell embryo compaction process.
DISCUSSION

Agglutination of cells by lectins is a highly complex phenomenon in

which many factors operate (Sharon, 1977). Generally, agglutination does

not depend on the numbers of binding sites, but more on the surface dis

tribution of the bound lectins. Clustering of the receptor sites appears
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to be a prerequisite for formation of cross bridges to allow agglutination
of cells.

It has been suggested that clustering is a passive process in

which lectins somehow pull the receptors together .

The extent of

clustering, therefore, depends on the fluidity of the lipid bilayer of the
membrane.

Results presented here indicate that changes in membrane fluidity may

account for one aspect of the compaction process.
changes may be involved in:

Furthermore, these

(1) the loss of aggregation potential of late

morula trophoblast cells (Burgoyne and Ducibella, 1977), (2) differential
adhesion of uncompacted and compacted 8-cell embryos to plastic substrata
(Tung and Granholm, 1978), and (3) the failure of tw32 homozygous lethal
embryos to undergo normal compaction (Granholm and Johnson, 1 978).
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Table l.

Con A-induced Agglutinability of Eight-cell Stage ICR Mouse
Embryos
l compacted 8-cell

Uncompacted 8-cell
Con A cone.
(ug/ml)
10
100

l
14/18
18/18

1000

18/18

1000 ug/ml
Con A in 0. 05
M MAM2

0/15

Replication
2
3

1

17/20

13/16

0/24

20/20

17/17

17/29

19/19
0/20

18/18
0/17

29/29

0/26

Replication
2
3
0/17

0/16

4
2/14

13/14

16/17

8/13

10/12

0/14

0/12

0/14

12/17

11/14

lThe compacted 8-cell group contains embryos which have begun to
compact (semicompacted) as well as those which have compacted.
2Methyl-alpha-D-mannopyranoside.
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Tabl e 2 .

Homogenei ty of Regressi ons

Sou rce of Vari ati on
Uncompacted 8 -cel l
Regressi on
Compacted 8 -cel l
Regressi on

df

'£ y2

F = 409 1 . 41 /2 = 25 . 8 3**
1 1 87 . 87 / 1 5

df

Res . SS

8

7 2 0 . 33

694 . 38

2

25 . 9 5

11

1 7, 3 67 . 33

1 6, 205 . 4 1

2

1 , 1 6 1 . 92

1 6,899 . 79

4

1 , 1 87 . 87

1 2 ,808 . 3 8

2

1 3, 22 4 . 58

4, 091 . 41

2

Subtotal
S i ng l e Regressi on

( Z Xl) 2
x2

19

2 6, 0 32 . 96

df
6

15
17

65

BI ND I NG OF 1 25 1 -CONCANAVAL I N A
TO PRE I MPLANTAT I ON STAGE MOUSE EMBRYOS

J . T . Rector, l N . H . Granhol m, l and E . I . Whitehead 2
South Dakota State University
SUMMARY
Mamma l ian embryos undergo stage specific changes in l ectin-induced
agg l u tinabi l ity during embryogenesis .

In order to determine whether changes

in aggl u tinabi l ity para l l el changes in numbers of bound l ectin molecules
during preimp l antation mouse deve l opment, different stages of zona l ess

preimplantation mouse embryos were labe l ed with 1 25 J -Concanaval in A ( 1 2 5 r 

Con A ) .

1 25 I -Con A was prepared by a modified ch l oramine T method .

Embryos

were recovered, pool ed into groups of l ike stage, treated with pronase to
remove zonae, and after a short recovery period, random l y assigned to

experimental ( 1 00 u g/ml 1 25 J -Con A ) or control ( 1 00 ug/ml 1 25 1 -Con A in
0 . 05 M methy l -alpha-D-mannopyranoside ) groups .

Each grou p of embryos was

incubated 3 0 minu tes at 3 7 ° C, rinsed and counted with a Packard Auto-Gamma
Spectrometer .

There were no significant differences in binding sites

between stages of preimp l antation development .

Further experiments were

conducted to determine rates of endocytosis of cell bound Con A .

Endo

cytosis, estimated by comparing the binding capacity of a l dehyde-fixed

embryos with nonfixed embryos, was found not to be a significant factor in
exp l aining the results .

This suggests that althoug h the amount of bound

l El ectron Microscope Laboratory, Veterinary Science 1 50, South Dakota
State University, Brookings, South Dakota 57007
2 oepartment of Biochemistry, South Dakota State University, Brookings,
South Dakota 5 7 007
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Con A is important in the agglutination of embryonic cells, additional
changes in the cell surface accompany the agglutination process .

Our

results support the hypothesis that the location , distribution , and rela
tive mobilities of Con A receptors are different at different developmental
stages.

INTRODUCT ION
Lectins as cell surface probes have been used to characterize changing

cell surface properties during development. Differential agglutination of
embryonic cells at different stages of development suggests that specific

changes in cell surface lectin receptors occur with differentiation and

maturation (Nicolson, 1 974). Studies of the interaction of lectins with

the cell surface of developing systems such as chick embryonic retinal

cells (Kleinschuster and Moscona, 1 972), sea urchin embryos (Krach et al . ,
1 974), and amphibian embryos (Johnson and Smith, 1 976) support this

hypothesis.

Mammalian embryos also appear to show stage-specific changes in the

distribution and mobility of cell surface lectin receptors during develop

ment (Jenkinson and Billington, 1 977). Yanagimachi and Nicolson (1 974)

reported that changes in patterns of fluorescein-conjugated lectin-binding

occurred during preimplantation hamster development. Pienkowski (1 974} has
shown a marked increase in agglutinability of 1 -8 cell cleavage stage

mouse embryos compared with vitelluses, while binding of 1 25!-Con A did

not change. Later stages of preimplantation mouse embryos become less

agglutinable (Rowinski et al., 1 976).

Agglutinability decreases after

compaction of 8-cell embryos (Rector and Granholm, 1 978), and it is
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completely lacking at blastocyst stages, although immunosurgically isolated
ICM cells are readily agglutinable (Rowinski et al . , 1976) .

Konwinski et

al. (1977) were able to correlate these differences in agglutinability
with relative amount and distribution of Con A receptor sites labeled with
product of peroxidase reaction. Their results suggested that mobility of
binding sites as well as their amount and distribution influence the

agglutination process. With this technique, however, the amount of peroxi
dase reaction product visualized bears only an approximate relation to

initial Con A binding (Enders and Schlafke, 1974) .

Moreover, Collard and

Temmink (1974) concluded that the amount of peroxidase reaction product is
not quantitatively indicative of cell-bound Con A .

In the present study a radioassay was used to determine quantitative

changes in the amount of surface bound Con A .

The objective was to

determine whether changes in the numbers of binding sites or bound lectin
molecules parallel changes in agglutinability during preimplantation mouse
embryo development .
Preparation of 125I-Con A

METHODS AND MATERIALS

The procedure used for preparing 125J-labeled Con A was the chloramine

T method, as modified by Duvall (1973) .

Fresh solutions of chloramine T

and sodium metabisulfite were prepared in distilled water at concentrations
of 2 0 0 ug/ml (2 0 mg/1 0 0 ml) . The solutions were kept cold at all times
during the procedure .

Five mg Con A (grade IV, Sigma) in pH 7 . 0 phosphate

buffered saline (PBS) were placed in a 3 0 mm x 1 0 0 mm Pyrex test tube

containing a magnetic stirring bar and surrounded by ice. After chilling
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the protein solution, 2. 00 mCi of carrier-free 1251 was dispensed into the
test tube and five minutes were allowed for mixing.
was then added to the solution via syringe.

Chloramine T (0. 5 ml)

The Con A solution was allowed

to stir and oxidize with the chloramine T for 1 0 minutes; then 0. 5 ml

The radio

sodium metabisulfite was added via syringe to stop the reaction.

iodinated Con A solution was then placed in a dialysis bag and dialyzed
against pH 7. 0 PBS for 48 h, changing the buffer three times to remove

nonprotein bound iodide.

After dialysis, the 125 I-Con A solution was

diluted to 25. 0 ml (200 ug/ml) and stored at -20 ° C.

Any precipitate was

removed by centrifugation or filtration before use.
I.

Binding of 125!-Con A to Mouse Embryos

Mice origin, maintenance, embryo recovery, staging, embryo culture

methods, and other background information have been comprehensively out
lined (Rector and Granholm, 1 978; Granholm and Brenner, 1976a) .

Embryos of like stage were pooled, and zonae pellucidae were removed

by 5-1 0 minute incubation at 37 ° C in 0. 25% pronase (Calbiochem) solution
containing 1. 0% polyvinylpyrrolidone.

Embryos were then rinsed in

Brinster's BMOC-3 (Gibco) to remove pronase and allowed one hour at 37 ° C

in 5% CO2 in air for recovery.

Afterwards, each group was incubated 30

minutes at 37 ° C with 100 ug/ml labeled Con A diluted in Brinster's medium.

This dose was chosen on the basis of saturation kinetics for somatic cells
(Dionne and Beaudoin, 1 977). One group was incubated for 30 minutes with

100 ug/ml labeled Con A in the presence of 0. 05 M methyl-alpha-D

mannopyranoside (MAM) to estimate nonspecific binding of Con A.

After

binding, the embryos were washed by pipetting the embryos into BMOC-3 and

transferring to fresh media three times.

The embryos were then placed in
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spectrometer tubes containing 1 . 0 ml BMOC-3 and counted with a Packard
Auto-Gamma Spectrometer.
I I. Determination of Rates of Endocytosis
In order to quantitate the amount of Con A endocytosed by preimplan

tation stage mouse embryos, the previous experimental design was revised.
After embryos of like stage were pooled, zonae were removed by 1 5-2 0

minute incubation at 25 ° C in 0. 25% pronase solution containing 1 . 0% poly
vinylpyrrolidone.

Embryos were then allowed approximately one hour

recovery period, rinsed in Dulbecco's phosphate buffered saline (Gibco)
containing 0.5% albumin, and randomly assigned to four groups. Two groups
were fixed with 3. 0% glutaraldehyde in phosphate buffered saline for 1 5
minutes at room temperature. Afterwards, all groups were rinsed in albumin

saline and placed either in 1 0 0 ug/ml 1 25 J-Con A diluted in albumin saline,

or in 1 0 0 ug/ml 1 25J-Con A in the presence of 0. 05 M methyl-alpha-D

mannopyranside (MAM) for 3 0 minutes at 37 ° C. At the end of the incubation

period, embryos were washed three times in albumin saline, placed in

spectrometer tubes containing 1 . 0 ml phosphate buffered saline and counted
as before.

Statistical methods

Two designs of analysis of variance (ANOVA) were utilized:

The data

from part I were arranged in a completely random design, and the amount of
binding per stage was tested to determine if binding of Con A to the

embryonic cell surface changes during development ( Table 2). The data

from Part I I were arranged in a factorial design where factors of binding

capacity per stage of development and of fixation treatment were tested
for significance (Tables 5 and 6).

A third possible factor--time at which
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the experiment was done--was not considered, since the experiments were
completed within a month.
RESULTS

Two separate sets of experime.nts were conducted.

The results of the

first part are presented in Tables 1 , 2, and 3.
The binding capacity of 1 251-labeled Con A to the cell surface of
intact zonaless mouse embryos was measured as activity per number of

embryos (Table 1 ). There was probably little or no effect of iodination
on binding activity; fewer than one out of seventy-five molecules of Con
A bound 1 251. Physical-chemical or biological changes are not reported to
occur until a labeling concentration of five atoms per molecule protein is

exceeded (Duvall, 1 973).

The total number of binding sites per embryo shown in Table 2 were

calculated from the data given in Table 1 . For example, the number of

binding sites per uncompacted 8-cell embryo for experiment 1 is obtained

by subtracting the control ratio (CPM/embryo) from the uncompacted 8-cell

ratio (CPM/embryo), dividing the difference by the specific activity

(CPM/ug Con A) for experiment 1 , and multiplying the quotient by 5.57 x

1 0 1 2 molecules Con A per microgram Con A. All calculations were made

assuming a molecular weight of 1 08,000 (Nicolson, 1 974) and one-to-one

correspondence between the number of lectin molecules and number of

receptor sites. Since the latter assumption is questionable due to the

multivalent nature of Con A and to saccharide binding specificities, these
numbers more accurately reflect the number of lectin molecules bound to

the cell surface at this concentration ( 1 00 ug/ml). However, in this
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study, the terms are used intercnangeaoly .

An analysis of variance

(completely random design) was conducted on the data in Table 2. The

variance-ratio test was found to be nonsignificant (F = 0.10; 6,6 d.f.) ,
indicating no differences in numbers of binding sites between different
developmental stages.
Mean distributions of Con A binding sites (Table 3) were expressed as
either binding sites per micrometer squared or binding sites per nano
gram protein.
In the second part of this study, endocytosis of Con A bound to the
cell surface was measured to determine if endocytosis elevated levels of
activity significantly. In contrast to the methods of the first part,

albumin saline was substituted for Brinster's BMOC-3 medium to exclude

binding inhibition by the presence of glucose in the diluent; glucose is

a hapten-inhibitor of Con A binding (Nicolson, 1974). One further modifi

cation was to allow pronase digestion of the zona pellucida to occur at a
slower rate. The results of this part of the study are presented in

Tables 4, 5, and 6.

A comparison of Con A binding during development and between nonfixed

and fixed embryos revealed nonsignificant differences in either case

(Fstage = 0.001 (1, 12 d.f.); Ffixed vs. nonfixed =l.52 (l, 12 d.f.)). These
results are in agreement with the results presented in the first part;

that is, binding of Con A does not significantly change during preimplan
tation mouse development .

Additionally, endocytosis does not contribute

significantly to activities of embryos. Surprisingly, in some instances
fixation resulted in a slightly greater binding capacity.

A similar statiscal test (ANOVA) was done to compare binding data
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between Tables 2 and 5.

The elevated levels of binding seen in Table 5

were significantly different (F=l3.46 (1,13 d.f.), P<.. 0.005) from the

values reported in Table 5.

This difference is most likely a result of

hapten-inhibition of Con A binding.
DISCUSSION
The results show similar numbers of binding sites between stages of

preimplantation mouse development. The variation between and within

groups may reflect differences in embryonic surface area, pronase treat
ment, and/or washing procedure. The differences in amount of binding
between experiments for part I and part I I can be explained by inhibition
of binding by glucose contained in the diluent (Brinster's BMOC-3).

In regard to the pronase treatment, Pienkowski (1974) showed that
immediate pronase treatment did not reduce the Con A binding capacity of
four-cell embryos when compared with embryos allowed to recover for a

period of 12 h.

In the present study a recovery period was provided to

minimize the effects of pronase on cell surface glycoprotein components.
It was assumed but not tested that pronase had little or no effect on

binding .

Studies have shown that endocytosis of cell-bound Con A can inflate

values for number of binding sites. Collard and Temmink (1974) have shown

that prefixing mouse fibroblast cells with glutaraldehyde resulted in a

25% decrease in bound 3 H-Con A. The decrease was attributed to endocytosis

of cell-bound Con A which, in turn, made new binding sites available.

In

another study, endocytosis of ferritin-lectin resulted in a lower level of

labeling unfixed zonaless mouse eggs (Nicolson et al. , 1975).

However,
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in the present study, the amount of endocytosis occurring was not found

to be a significant factor. Although speculative, the observation that
in some instances the binding capacity of embryonic cells increased after
fixation may indicate that fixation, which generally results in a random

distribution of binding sites, can enhance binding.

Pienkowski (1 974) reported that eight-cell and earlier stages of

preimplantation mouse embryos bind 2.0 x 108 molecules Con A per embryo .
However, the amount of binding to these stages is 2-4 times higher in the
present study. This increase in binding could result from several factors
including those already mentioned, but it is probably due to use of a

higher concentration of Con A. An examination of the saturation curve
presented by Dionne and Beaudoin (1 977) shows that Con A binding increases
with increasing concentration, and never reaches a level plateau.

Interestingly, blastocysts were found to bind similar numbers of Con

A molecules compared to earlier stages of preimplantation mouse develop
ment .

In contrast, lectin-induced agglutinability is completely lacking

(Rowinski et al . , 1 976). This cannot be explained by penetration of Con

A molecules, since it has been shown that Con A is unable to penetrate
the trophoblast layer (Enders and Schlafke, 1 974).

Nor can endocytosis of

bound lectin molecules be considered as a significant factor.

Moreover,

when one compares the dramatic decrease in agglutinability occurring

between cleavage and blastocyst stages with their binding capacity, the

loss of binding sites seems unlikely. Thus, it appears that the difference

in agglutinability occurring at this stage compared to earlier stages
cannot be attributed to changes in the numbers of binding sites.

Pinsker and Mintz (1 973) have shown an increase in both amount and
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molecular weight of labeled surface digest products of late morulae and
early blastocysts when compared with surface products of four to eight
cell embryos.

The surface components responsible for this shift to a

larger molecular weight have not been identified.

In view of the results

presented here, these components probably do not provide additional Con A

receptor sites .

It may be that this shift is caused by changes in the

distribution of glycoproteins in the surface membrane, thus changing their
susceptibility to attack by proteases.

Alternatively, a qualitative

change in glycoprotein synthesis may occur such that the number of Con A

receptor sites remains constant.
In summary, although the amount of bound Con A is important in

agglutination of cells, additional changes in the cell surface accompany
the agglutination process.

Clustering of Con A receptors is probably a

prerequisite for agglutination of cells, and this, in turn, depends on

several interrelated factors (Nicolson, 1974; Sharon, 1977) . Our results

support the hypothesis that location, distribution, and relative mobilities

of Con A receptors vary at different developmental stages (Nicolson, 1974;
Konwinski et al. , 1977; Sharon, 1977) .

Ta b le 1. Summary of Sample Counting a
Activity Per Number of Embryos
Experiment

S.A.b

Control

1

110, 702

1 51 5 / 1 6C

2

209, 247

2495/19

3

198,844

1445/20

4

196,995

2535/14

5

123,984

720/37

4C

3740/20

Un8C

CBC

5020/30

2580/19

3885/1 9

2590/16
2415/13

Early
Blas tocys t

Defi n i tive
Blas tocyst

4305/15

3485/11

4940/20

1555/27

4640/48

7875/76

Morula

2720/20

a All s amples were coun ted for five minutes.
b specific activity measured in CPM/ug Con A.
CEach ra tio represents the num b er of coun ts per five mi nutes ( numera tor ) over the total num b er of
em b ryos per sample (denomi nator ).
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Tabl e 2 .

Tota l Number of Con A Bi ndi ng Si tes Per Embryo ( x 1 08 )
Experi ment

Stage

1

4C

2

4

5

Mean

2 . 97

2 . 97
5 . 60

Un8C

7 . 31

3 . 89

CBC

4.11

1 . 63

Morul a

3

4 . 03

6 . 35
5 . 98

3 . 43

4 . 32

Earl y Bl astocyst

7 . 68

6 . 94

7 . 31

L a te Bl astocyst

3 . 73

7 . 56

5 . 65

F= O . 1 0 n . s .

3 . 56
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T a ble 3 . Me a n Distribution of Con A Binding Sites
St age
4C

Binding Sites
Per Embryo
2 . 97

Un8C

5 . 60

CBC

4 . 03

M

4 . 32

EB

7 . 31

DB

5 . 65

X

, 08

Binding Sites a
Per Micrometer2
2 . 07

X

1 04

Binding Sites b
Per Nanogr am Protein

4 . 32

2. 39 X , o7

3.11

1 .72

2 . 47

2 .09

3 . 06
2 . 81

a Are a s were c a lcul a ted from d a ta in Lewis a nd Wright (1 935 ) .
bProtein content values were t a ken from Brinster (1 967) .

Tab l e 4. Summary of Sampl e Countinga
Activityb Per Number of Embryos
Exp

Treatment

Specific Activity
(CPM/ug Con A )

Control

1

Nonfixed
Fixed

327,266

1 01 8/ 1 0
21 58/ 1 0

Nonfixed
Fixed

2C

4C

Un8C

CBC

M

BC

3380/ 1 0
4626/ 1 0

1 593/ 1 0
1 974/ 1 0

3735/9
5236/ 1 0

2

Nonfixed
Fixed

342,088

945/9
942/9

3

Nonfixed
Fixed

306,092

1 001 /1 0
l 007/1 0

4

Nonfixed
Fixed

335, 1 40

5 1 3/7
1 1 91 /9

5

Nonfixed
Fi xed

-294, 1 09

750/ 1 0
1 653/ 1 1

4007 / 1 1
1 964/ 1 1

6

Nonfixed
Fixed

1 76,803

481 / 1 6
563/1 1

1 626/ 1 4
1 648/1 2

7

Nonfixed
Fixed

1 48,4 1 7

1 1 78/ 1 1
623/1 1

3953/8
5095/ 1 0
331 1 / 1 2
2426/ 1 0
1 944/9
401 9/9

1 620/8
2973/ 1 2

aAl l sampl es were counted for five minutes.
b Each ratio represents the number of counts per five minutes (numerator) over the total number of
embryos per sampl e (denominator) .

CX)

Table 4. Summary of Sampl e Countinga ( con't . )
Acti vi tyb Per Number of Embryos
Exp

Treatment

Spec i fi c Activi ty
( CPM/ug Con A)

Control

8

Nonfi xed
Fixed

149 , 140

1042/ 12
116 1/ 12

9

Nonfi xed
F i xed

298,250

1688/ 11 5057/8
2262/ 11 4503/ 11

10

Nonfi xed
Fi xed

160 ,334

1018/8
125 1/8

11

Nonfi xed
Fi xed

123 , 602

1253/ 11
1230/11

2C

4C

Un8C

CBC

M

BC

2788/12
3570/ 13

3687/8
3669/9
315 1/ 13
2960/9

........
\.0
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Table 5. Number of Bound Concanavalin A Molecules Per Embryo (x 1 o 8 ) a
State of Development
2C
Observationsb

4.74

1 7.88
Mean

1 1 .31

4C
1 0.96

5.42
8. 1 9

UnBC

CBC

M

8.04

8.70

1 2.67

1 5.61

7. 94

1 2. 1 2

23. 1 8

7.1 6

a see Methods for experimental details.
b observations calculated from data in Table 4.

1 1 .58

BC

6.40

1 0.87
8.64
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Ta b le 6. Num b er of Bound Concanavalin A Molecules Per Glutaraldehyde
Fixed Embryo (x 108) a
Stage of Development

O b servationsb
Mean

2C

4C

10.44

1.07

8. 40

7.61

5. 43

17. 46

9. 03

3.25

Un8C

12. 93

CBC

M

11.10

13. 18

14.34
12.72

a see Methods for experimental details.
b o b servations calculated from data in Table 2.

19. 56

16. 37

BC
5. 16
13. 28

9. 22
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CONCANAVAL IN A-INDUCED AGGLUTINAT ION

OF LETHAL EMBRYOS (tw32 ;tw 3 2, BRACHURY LOCUS)
AT COMPACTED E IGHT-CELL STAGES

N. H. Granho l m l and J. T. Rector l
SUMMARY

Homozygous tW3 2 mouse embryos die at the moru l a-to-blastocyst stage

of preimp l antation deve l opment. Presumed mutants are reported to be

identifiab l e prior to deve l opmenta l arrest. One criterion, aberrant com
paction, suggests that mutants have a l tered cel l surface properties as
ear l y as the compaction stage of eight-ce l l embryos. However, in the
present study, Con A-induced agglutination of compacted eight-cell embryos

obtained either from contro l (+/T x .:!:ftW32) or experimenta l (+/tW 3 2 x
+/tW32) crosses revea l ed no differences between crosses. This finding

suggests that l ethal tw 3 2 al l e l e lesion(s) may not affect membrane f l uidity

or a l ter surface l ectin-binding carbohydrate moieties significantly at the

compacted eight-ce l l stage.

INTRODUCTION

Preimplantation mouse embryos homozygous for tw 3 2 undergo develop

mental arrest during the morula-to-b l astocyst transformation (Bennett and
Dunn, 1 964; Hil l man and Hil l man, 1975; Granholm et al. , 1 977).

Prior to

arrest, excess cytop l asmic l ipids are detectable as early as 2-ce l l stages
(Hi l l man and Hi l lman, 1975). Morpho l ogically, blastomeres of compacted

8-cell or ear l y morula stages of presumed tw32 homozygotes appear less

Microscope Laboratory, Veterinary Science 150, South Dakota
State University, Brookings, South Dakota 57007
l Electron
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closely applied to each other and more rounded when compared to normal
littermates (Calarco and Brown, 1968; Granholm et al. , 1 977).

Recently,

Granholm and Johnson (1 978) were able to separate out mutants visually on
the basis of aberrant compaction.

By separating out 8-cell embryos which

lagged behind others in the process of compaction, a 0. 8 92 chance existed

that the embryos of the retarded group were mutants.

If aberrant compac

tion does occur in tw 3 2 mutants, this morphological defect suggests
improper cell-cell interaction, a cell surface phenomenon.

A previous investigation of cell surface changes during compaction

revealed a significant decrease in Con A-induced agglutinability after

compaction (Rector and Granholm, 1 978). The symptom of aberrant compaction

of tW 3 2 mutants (Granholm and Johnson, 1 978) may be corroborated through a

similar agglutinability study. The objective of the present study is to

test whether homozygous tw 32 expression results in changes in Con A-induced
agglutinability, reflecting cell surface modifications in mutants.

Since

approximately 40% of the embryos from +/tW3 2 inter � matings are lethal

tw 3 2 -homozygotes (Bennett and Dunn, 1 964 ; Hillman and Hillman, 1 975 ;

Granholm et al. , 1 977), abnormal levels of Con A-induced agglutination

might be detected by this assay .

METHODS AND MATERIALS
Methods of embryo recovery, staging, culture methods, zona removal,

and the agglutination assay have already been described (Rector and
Granholm, 1 978 ; Granholm and Brenner, 1 976a) .

were conducted.

Two separate experiments

In the initial experiment, compacted eight-cell embryos were obtained
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either from experimental (+/t-w3 2 'i x w32 a) or control { +/t-+/T- � x +/tW32 a )
crosses. Embryos from each mating were treated with pronase, allowed to
recover, and then randomly assigned to treatment groups. 6-34 embryos
were agglutinated at concentrations of 1 0, 1 0 0, and 1 0 0 0 ug/ml Con A

diluted in Dulbecco's phosphate buffered saline (PBS). One group was

agglutinated in 1 0 0 0 ug/ml Con A in 0. 05 M methyl-alpha-D-mannopyranoside
(MAM) to serve as a control. These data are presented in Table 1 . See

Rector and Granholm (1 978) for further details on the agglutination assay.
The data were analyzed by curvilinear regression techniques. Two

curves were generated:

one representing the dose-response line for the

experimental cross, while the other representing the dose-response line

for the control cross. The curves produced were then compared statis

tically to determine if the lines differ significantly (homogeneity of

regressions). On the basis of results from this experiment and from

Granholm and Johnson (1 978), a second experimental design was devised as

described below.

A total of 218 embryos were obtained from 1 3 superovulated +/tW32 f 's

mated to proven +/tW32 males. These were separated into two groups by

visual observation of compaction using a dissecting microscope.

Embryos

farther along in the process (compacted) were placed in one group, while

laggers (un- and semicompacted) were placed in another group. Observations

were made at two-hour intervals, and separation was completed when approxi
mately 50% of the embryos reached the compacted state.

After separating all eight-cell embryos into two groups (compacted

and uncompacted), two experiments were conducted. In the first experiment

for each group, two subgroups of 1 3- 2 7 embryos were agglutinated at 1 0 0
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ug/ml Con A dil uted in Dulbecco's phosphate buffered saline (PBS), while
a third subgroup was agglutinated in 1 00 ug/ml Con A in 0 . 05 M MAM to
serve as a control for non-specific agglutination (Table 4).

The dose of

1 00 ug/ml Con A was chosen on the basis of the initial experiment (Table

1).

In the second experiment, development success was examined in both

compacted and uncompacted groups to determine the approximate percentage
of mutants (tw3 2 ;tw3 2 ) within groups . Twenty-five embryos from each group
of approximatel y 100 embryos were cultured in microdrops of modified

Eagles MEM/10% fetal calf serum under paraffin oil. The paraffin oil

was

prepared by shaking 10 ml modified Eagles medium (Spindle and Peterson,

1 973 ) with 90 . 0 ml sterile paraffin oil and then equilibrated with 5% CO 2

in air for 15 minutes .

The resulting suspension was allowed to settle

overnight at 3 7 ° C in 5% CO2 in air before use .

were

These results (Table 5)

then anal yzed along with agglutination data of Table 4.
RESULTS

Table l shows the results of four replications of the agglutination
assay .

Assuming that approximately 40% of the embryos within the experi

mental cross are mutants and that tW3 2 mutants have altered cell surface
properties, their presence may change the dose-response line for the

experimental cross. The two curves generated by curvilinear techniques

were

compared statistically to determine if the lines differ significantly

(Table 2 , homogeneity of regressions) . As seen in Table 2, the lines did

not differ significantly (F=0 . 775; 2 , 1 8 d.f.) ; however, the variation of

data between replications is considerable, and may account for nonsignifi-
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cant differences between control and experimental crosses. A further

comparison of control data from the present study with data from a previous
study (Rector and Granholm, 1 978 } also showed nonsignificant differences

between regression lines for compacted eight-cell embryos, indicating that
no strain differences exist for this response (Table 3, homogeneity of

regressions).

Interestingly, upon analyzing each individual replication, agglutin
ation percentages were generally higher in embryos derived from control

versus experimental matings, although not statistically different. When

subtracting experimental from control agglutination percentages for each
of the four replications obtained at 100 ug/ml Con A (row 2, Table 1), the

values are 59.5, 17.4, 25.5, and 25.0% respectively, with an average of

31.8%. Similarly, values obtained at 1000 ug/ml include 39.6, 38. 5, -2.6,

and 0.0% respectively (x-= 18.9). Thus, it appears that for each replica

tion, control agglutination rates are higher than those derived from

experimental matings, which presumably contain about 40% tw32 homozygous
lethal embryos.

A second experiment was devised to further assess the results of the

first experiment. Embryos were separated into two groups on the basis of
aberrant compaction, a reported symptom of tW32 homozygosity (Granholm

and Johnson, 1978) . This method should enrich the population of embryos

with mutants in the original uncompacted group. By increasing the percen
tage of mutants within groups, the agglutination-response should more

accurately reflect any existing differences between mutant and nonmutant

compacted eight-cell embryos.

In order to assess the approximate number

of mutants within groups after separation into uncompacted and compacted
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embryos, a portion of embryos from each group were cultured to blastocyst

stage in microdrops under paraffin oil.

Since tW3 2 mutants fail to reach

blastocyst stage of preimplantation mouse development, the developmental

success rate should estimate lethality, and thus, number of mutants within
each group .

Additionally, the overall lethality from the experimental

cross should approach the expected 40% (Granholm et al. , 1977) .
Table 4 shows results of the agglutination assay.

from the previous assay in the following ways:

This assay differs

(1) both groups were

derived from +/tw32 x +/tW 3 2 matings, and therefore include incipient

tw3 2 homozygous lethal embryos; ( 2 ) based on previously established tw3 2
homozygote identification criteria (Granholm and Johnson, 1978), 89 . 2 %

{55/6 2 ) of the original uncompacted eight-cell group should be tw3 2 ;tw3 2

embryos; also 10. 2 % (6/6 2 ) of the original compacted eight-cell group
would

be tw 3 2 homozygotes; (3 ) all groups were agglutinated at 100 . 0 ug/ml

Con A; and (4) agglutination experiments were completed in one day .

There were no apparent differences in the agglutinability between

original uncompacted 8-cell and original compacted 8-cell groups .

However,

values reported in Table 4 are similar to those reported for experimental

matings (+/tW 3 2 x +/tW3 2 ) of Table l; that is, x = 49 . 7% (5 1 . 3 % weighted)
versus x = 46. 2 % (44 . 9% weighted) respectively.

Interestingly, agglutination

values for nonmutant embryos of Table 1 (+/T x +/tW32 matings)
(76. 4% weighted) .

were

78 . 0%

Thus, again rates of Con A-induced agglutination are

somewhat higher in normal versus mutant-containing 8-cell embryo population .
There were no differences in the ability from original uncompacted or

compacted 8-cell groups to develop to blastocysts (Table 5) .

It can be

seen that embryos of the original uncompacted 8-cell group had a slower
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rate of development than original compacted 8-cell stages; however,
developmental rate fluctuations were negligible at 88-89 hpc.

Finally,

the total percentage of arrested embryos (presumed tw32 homozygotes) was
30 . 0% (1 5/50).

DISCUSSION
Several hypothesis have been suggested for the mode of action of
lethal t-alleles. Bennett (1 975) postulates that the t-region specifies

cell surface components involved in mediation of cell interactions. Lethal
t-alleles are thought to cause improper cell-cell recognition, thus inter

fering with processes of organization during differentiation. Alternatively,

Wudl and Sherman ( 1 975) have argued that certain lethal t-alleles are

simple cell lethals, and mutations cause metabolic disturbances which

result in developmental arrest at particular stages depending on the

severity of the mutation. Thirdly, Gardner (1 976) has suggested that

mutants may alter conformation or distribution of a macromolecule on the
cell surface; that is, an abnormality in lipid synthesis may result in

identical surface molecules being exposed differently between mutant and

normal embryos. Aspects of this latter hypothesis were primarily investi

gated in the present study.

Regarding data of Table 1 , statistically significant differences in

agglutinability of embryos between dose-response lines were not found.

is possible that differences in dose-response lines exist but are masked

It

by the degree of variability between replications. In fact, when individual
replications are examined, the control agglutination rates are general ly

higher than those derived from agglutination of experimental populations
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(those containing tW 3 2 homozygous lethal embryos).
Agglutinability differences may not have manifested themselves in a
more striking fashion, because the percentage of mutants within groups of
experimental cross may not have been large enough to reveal differences.

Agglutinability differences might be expected between control and experi
mental groups, since affected embryos may have lower mitotic rates as they
near their demise, a symptom that should be detectable with plant lectins.
It is also possible that differences may not be detectable at this stage

as with later stages.

But with the present design, it would be difficult

to demonstrate differences at later stages since control agglutinability
decreases with development (Rowinski et al. , 1 976).

In order to eliminate

some of the possibilities described, further studies were done using groups
of embryos in which a greater than 0. 40 chance exists that the embryos
within a group are mutants (Granholm and Johnson, 1 978).

Con A-induced agglutination data from the second experiment (Table 4)

are consistent with findings of Table l. Agglutinability of embryos from
experimental matings (+/tW 3 2 x +/tW32 ) seems to be somewhat decreased
when compared to populations of normal embryos.

Since tw 3 2 homozygotes

generally contribute to approximately 40% of experimental embryos, the

overall decrease in agglutinability may be attributed to their presence.

On the other hand, developmental success data of the second experiment

are not definitive.
data include :

Two general conclusions that may be drawn from these
(1 ) identification of tw32 homozygotes by aberrant compac

tion is not reliable, or ( 2 ) there simply are not sufficient experimental

data to make interpretations. Two present limitations of the developmental

success data are l ack of control embryos derived from +/I. x +/tw32 matings
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and the observed 30% rather than 40% tw32 /tw32 figure.
Interestingly, compacted ICR mouse embryos have the same pattern of

agglutinability as compacted embryos from +/T x +/tW32 matings, indicating
strain differences for this response are nonsignificant. This corroborates
evidence that a cell surface change detectable by Con A occurs during the
compaction process (Rector and Granholm, 1978) .

In summary, lectin-induced agglutinability differences between control

and experimental matings were not found in the present study. This finding
may suggest that lethal tW32 -allele lesions may not affect membrane
fluidity or alter surface carbohydrate lectin binding moieties
significantly at the compacted 8-cell stage.
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Tabl e l .

Concanava l i n A- I nduced Ag g l uti nabil i ty of Compacted Eight-Cell
Embryos from Experi mental and Control Mat i ng s
Control
( +/ tW32 X +/ T )

Con A cone
(ug/ml )

1

10

0.0
( 0 /6 )

Repli cations
2
3
57 . 1
( 8/ 1 4 )

Experimenta l
( +/ tW 3 2 X +/ tW32 )
4

l

Repli cations
2
3

6.9
0 . 0 53 . 8
60 . 0
( 2/29 ) ( 1 1 /24 ) ( 0/ 1 7 ) ( 7 / 1 3 )

4

6.0
60 . 0
( 2/33 ) ( 1 2/20 )

1 00

70 . 6
78 . 9
62 . 5 1 00 . 0 1 1 . 1
61 .5
75 . 0
37 . 0
( 1 2/1 7 ) ( 1 5 / 1 9 ) ( 2 0 /32 ) ( 2 1 / 2 1 ) ( 2/ 1 8 ) ( 8/ 1 3 ) ( 1 0/2 7 ) ( 1 5/20 )

1 000

86 . 6 1 00 . 0
79 . 1
76 . 5 1 00 . 0 47 . 0 61 . 5
1 00 . 0
( 1 3/ 1 5 ) ( 20/20 ) ( 26/34 ) ( 2 1 /21 } ( 8/ 1 7 ) ( 8/ 1 3 ) ( 1 9/24 ) ( 2 1 / 2 1 )

l 000 i n
0 . 05 M MAM

0.0
( 0/ 1 5 )

0.0
( 0/ 1 6 )

0.0
( 0/ 1 4)

0 .0
0.0
0.0
( 0/24 ) ( 0/ 1 7 ) ( 0/ 1 3 )

0.0
( 0/2 4 )

0.0
( 0/20 )
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Table 2 .

Homogenei ty of Reg ressi ons

{� ��}

2

Source of Var i ati on

df

� y2

Ex per i mental
Regress i on

11

3580 . 3 7

2

689 2 . 2 3

9

Control
Regressi on

1 047 2 . 61

11

1 2 1 6 2 . 22

79 2 6 . 57

2

4 2 35 . 65

9

1 1 506 . 94

4

1 1 1 2 7 . 88

18

1 0548 . 83

2

1 3873 . 1 0

21

9 58 . 1 1

2

Subtotal
Si ngle
Regressi on

F=

9 58 . 1 1 / 2 = 0 . 77 5 n . s .
1 1 , 1 2 7 . 88/ 1 8

23

244 2 1 . 9 3

df

Res . SS

df
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Ta b l e 3 .

Homogenei ty of Reg ress i ons

Source of Var i ati on

df

'Z._ y 2

ICR Regressi on

11

1 7367 . 33

11

1 2 1 6 2 . 22

tw 32 Regressi on
Subtota l
S i ngl e Regressi on

F=

7 36 . 89/ 2 = l . 23 n . s .
5 , 39 7 . 57/ 1 8

23

3 0409 . 2 4

( .£ �} 2

df

Res . SS

df

1 6 2 05 . 4 1

2

1 1 6 1 . 92

9

79 2 6 . 57

2

4 23 5 . 65

9

24 1 3 1 . 98

4

5397 . 57

18

23395 . 09

2

70 1 4 . 1 5

21

7 36 . 89

2
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Table 4.

Con A-induced Agglutination of Compacted 8-cell Embryos Obtained
from +/tw32 x Vtw32 matings.

Original Un8C Group
1 00 ug/rnl
Con A

1 00 ug/ml Con A
in MAM

1 7/27

Original CBC Group
1 00 ug/ml
Con A

1 00 ug/ml Con A
in MAM

8/1 9

9/1 9

6/1 3
0/22

0/24
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Table 5.

Developmental Successa of CBC Embryos Obtained from Experimental
Crossb

Time of
Observation (hpc)

Original
Un8C Group

Original
C8C Group

Total Developed
to Blastocyst
Stage

81-82
88-39

5/25

14/25

19/5 0

16/25

34/5 0

1 0 3 -1 0 4

18/25

17/25

18/25

35/5 0

a oevelopment to blastocyst stage; see Methods for details.
b +/tW 3 2 x +/tW 32
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D ISCUSSION AND CONCLUS IONS
The overall objective of the experimental reports presented here was

to characterize certain blastomere surface properties of normal and incipi

ent lethal (tw32 ;tw32 ) preimplantation mouse embryos. My efforts were

directed toward probing (1 ) changes in availability and/or acitivity of

Con A binding sites during preimplantation development, (2) changes in the
number, distribution, and relative mobility of Con A surface receptors in

normal and tw32 homozygous lethal embryos during preimplantation develop

ment to test the hypothesis that homozygous tw32 expression disrupts the
normal pattern of Con A receptor distribution, and (3) effects of CB on
pre- and early postimplantation mouse embryos.

Several interesting conclusions were made:

(1 ) 4. 0 ug/ml CB treat

ment of preimplantation mouse embryos affects embryo attachment, number of

trophoblast nuclei, hyaloplasmic fan production, and ICM growth in a
duration-dependent manner over the 68-1 90 hpc observation interval.

(2) A

change in blastomere surface properties occurs during the compaction of

eight-cell ICR mouse embryos, as revealed by significant differences in

Con A agglutination between groups of uncompacted and compacted embryos.

A similar response was seen for eight-cell embryos obtained from matings

of +/T (Brachury) and +/tW 32 mice, suggesting that this surface change is

a general feature of preimplantation mouse development and not peculiar
to a specific strain.

(3) Total numbers of bound Con A molecules do not

change significantly with preimplantation mouse development. Accordingly,

factors other than numbers of bound Con A molecules are responsible for
changes in Con A-induced agglutinability that occur during development.
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(4) Lethal tW32 allel expression may not significantly disrupt the normal
Con A receptor distribution pattern at the compacted eight-cell stage.
Although the preceding studies dealt exclusively with the regulation
of early mouse morphogenesis, many of the questions are of fundamental

interest .

Clearly, the nature, role, and regulation of cell surface

properties are central to understanding morphogenesis in normal, and many
abnormal, developing systems.

And, therefore, research on early mouse

development may contribute to a more comprehensive understanding of (l) the
etiology of congenital malformations, (2) certain kinds of cancers, and
(3) normal and abnormal morphogenesis .
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